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Abstract

The impact upon cognitive function as a result of major depressive disorder (MDD) has
been consistently documented, with depressed individuals demonstrating extensive and
varied cognitive deficits. The pattern of deficits seen in MDD could be partially explained
by a dysfunction of working memory. However, attempts to determine whether or not
depressed individuals are in fact impaired on tasks reliant on working memory have
produced results that are inconsistent. Yet, both resting state and activation studies of
patients with MDD have identified functional impairments in regions of cortex commonly
associated with normal working memory function in healthy adults. The main aims of this
series of investigations were to determine (1) whether individuals with a diagnosis ofmajor
depression where significantly impaired on a parametric working memory task (i.e. the n-
back task), compared to matched controls, and (2) whether any significant difference
between the experimental groups was associated with a significant group difference in
cortical activation during performance of the task (i.e. using BOLD fMRl). It was
determined that the consumption of anti-depressant medication in the patient group was a
potential confounder of any observations in the first two experiments. Thus, additional
aims of this study were to determine (3) whether the administration of anti-depressant
medication had any significant behavioural effect upon performance on the n-back task, and
(4) whether the consumption of anti-depressant medication had any significant effect upon
the pattern ofactivation observed during performance of the task. In order to address these
aims three experimental studies were conducted. (1) Experiment One: Working Memory
in Depression: The performance of twenty individuals with MDD and twenty matched,
healthy controls was assessed on the n-back task (i.e. accuracy (percentage correct) and
reaction time (msec)). Analysis of the data revealed a significant main effect ofparticipant
group with regards to both accuracy and reaction time (i.e. Fa. 3av=5.93, p = 0.02 and
Fn.38f=25.16, p < 0.001, respectively), with patients showing lower mean accuracy scores,
and higher mean reaction times. (2) Experiment Two: Working Memory in Depression: a
functional MRI study: Ten individuals with MDD and ten matched, healthy controls
undertook the n-back task while undergoing fMRI scanning. Analysis of the behavioural
data revealed a significant main effect of participant group on mean accuracy scores (i.e.
Fa.i«= 4.727, p = 0.043), with patients exhibiting lower average scores across all task levels.
However, there was no significant main effect ofparticipant group on mean reaction time.
Analysis of the functional imaging data, using SPM99, revealed a significant difference
between patients and controls in the level of activation in the medial orbital prefrontal
cortex/ subgenual anterior cingulate with increased task difficulty, i.e. level ofactivation in
patients was greater in this region compared to controls (i.e. Ke=128, p(comcted>=0.025). (3)
Experiment Three: The effect of escitalopram on working memory in normal, healthy
adults: A functional MRI study: Ten healthy volunteers were given escitalopram for 7
consecutive days, i.e. lOmg/day. Participants were scanned while medication free and on
the final day of their prescription. The consumption of escitalopram did increase
participants' subjective assessment of state anxiety (i.e. t m = -2.172, p = 0.029), but there
was no effect ofmedication status on either aspect ofbehavioural performance on the n-back
task. Random effects analysis of the functional imaging data revealed no significant
differences between conditions with regards to the level of activation in any area of cortex.
Overall, the results of this study were indicative of a significant dysfunction of working
memory in individuals with major depression. Furthermore, it would appear that this
observed dysfunction was associated with a quantitative difference in the level offunctional
activation in the medial orbital prefrontal cortex/subgenual anterior cingulate in depressed
patients. Moreover, the results of the final experiment in this series allow us to speculate
that the differences, both behavioural and functional, noted between patients and controls
are the result of an underlying factor in the aetiology of depressive illness rather than an

effect ofanti-depressant medication.
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Chapter 1: Literature Review
1.1 Major Depression
1.1.1 Epidemiology of major depression

Major depressive disorder (MDD) is a psychiatric illness that is not only common in the

general population but is of significant personal and social concern. Individuals suffering
from depression commonly experience reduced productivity and quality of life, in

conjunction with a significant increase in mortality (Doris, Ebmeier & Shajahan, 1999).

Moreover, the World Health Organisation's Global Burden of Disease project rated

depressive illness as the second major cause of disease burden in developed countries, and

has predicted this burden to increase (Patten, 2003).

Understanding the impact of major depression is reliant on access to accurate

epidemiological data. However, as a result of varied methodological approaches accurate

epidemiological data is difficult to obtain. These methodological differences extend not only
to the operational definitions of depression employed in individual studies but also to

sampling methods and methods of data acquisition. While some studies have examined the
incidence and prevalence of major depression via community studies (e.g. Kessler et al.,

2003), other epidemiological investigations have relied on the clinical records of individuals

receiving treatment for affective disorders in a given region. However, despite the
differences in methodology between studies it is possible to obtain a reasonable impression
of the general epidemiology of major depression by considering the comparative evidence
from studies that have employed different methodological approaches.

One indication of the incidence of depression in the general population is the number of
individuals currently receiving either in- or outpatient hospital care for affective disorders.
In 2001-2002 there were 52,569 hospital admissions for affective disorders in England and
Wales (source: Department of Health, United Kingdom, http://www.doh.gov.uk. accessed

28/10/03). In this same period it was estimated that worldwide cases of unipolar depression
amounted to 150,762,000 out of an estimated total population of 6,122,210,000 (i.e.

approximately 2.5%; source: World Health Organisation, Global Burden of Disease Study,

http://www3.who.int. accessed 28/10/03).
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However, community based surveys have estimated that the true incidence may be greater

than consideration of hospital admissions may indicate. The advantage of this type of

approach is that it allows for the inclusion of individuals who may be experiencing

symptoms of depression but who do not seek treatment to be in incidence estimates. A

recent community based survey of a sample of 9090 American adults predicted the lifetime
rate ofMDD to be around 16%, with a 12-month rate of 6.6%.

Epidemiological studies of the rate of depression also indicate an increase in the incidence of

unipolar affective disorders, in conjunction a successive decrease in the average age of

depressed cohorts across time. Although it may be argued that these changes are the result
of social or environmental influences on the rate of depression, it is imperative to consider

alternative explanations for the apparent alterations in the characteristics of depressed
individuals. Indeed, there are a variety of potential explanations for these changes in the

demographics of the MDD population. For example, the increased incidence of unipolar

depression may reflect changes in diagnostic criteria or increased likelihood of presentation,
as opposed to a genuine change in the prevalence of major depression. Similarly, the
successive decrease in the mean age of depressed populations may be attributed to a greater

awareness of the likelihood of affective disorders in adolescent populations that may

influence the probability of diagnosing major depression in younger individuals, rather than
the presence of affective disorders in younger cohorts being a novel phenomenon.

1.1.2 Defining major depression

'Depression' commonly denotes a general lowering of mood, or feeling of sadness. Yet, the

experience of the clinically depressed individual could reasonably be defined as being more

severe than this commonly accepted definition infers. It is, therefore, imperative to establish
the boundary between the normal experience of sadness and the pathological state that
constitutes depressive illness. However, in order to make this distinction it is essential to

appreciate the complexity of the range of symptoms that characterise major depression.

Indeed, clinically depressed individuals will not only experience a lowering in their mood,
but may also endure a loss of interest in or ability to experience pleasure and feelings of
worthlessness and guilt. Moreover, individuals with major depression will also commonly
exhibit changes in thought, activity, social behaviour, and vegetative functions (Beaumont,

Kenealy & Rogers, 1999).
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The diagnostic criterion for a major depressive episode (MDE) in DSM-IV (American

Psychiatric Association, 1994) reflects the intricacy in depressive symptomology. The DSM
model of MDE is inclusive of alterations of mood, pleasure, and body weight, disorders of

sleep, psychomotor retardation or agitation, feelings worthlessness or guilt, diminished

ability to think or concentrate, and recurrent thoughts of death or suicidal ideation. Within
this framework major depressive disorder (MDD) is defined as the occurrence of one or

more major depressive episodes.

Despite certain commonalities in the experience of major depression, the pattern of

symptoms observed in depressed patients can vary quite dramatically between individuals.
This also needs to be accounted for in any reasonable attempt at classification. Therefore,
rather than adopting a monothetic approach to defining depression - i.e. where all

properties are both necessary and sufficient for classification - diagnostic tools such as DSM-
IV assume a polythetic approach. Within this approach an individual may be diagnosed as

suffering from depression if they exhibit a selection of the properties that have been defined
as characteristic of this particular class of illness. Moreover, this approach recognises that a

significant proportion of patients may experience a specific symptom (or symptoms) but that
no single symptom is necessary or sufficient for diagnosis.

The complexity of depression is evident in approaches to classifying depressive illness is

also reflected in measures of severity of depressive illness. There are numerous indices
available for determining the intensity of an individual's depression, for example measures

such as the Beck Depression Inventory (BDI) (Beck et al., 1961) and the Hamilton Rating
Scale for Primary Depressive Illness (HRSD) (Hamilton, 1967). Both of these measures

consider the potential spectrum of depressive symptoms in their assessment of severity of

depression.

Therefore, in empirical investigations of major depression it may be more productive to

consider an operational definition of major depression that relies on clinical diagnosis in

conjunction with an appropriate measure of symptom severity. The outcome of this

approach is an operational definition of unipolar, major depressive illness that allows us to

appreciate the complexity of the experience of depressive illness. Moreover, this approach
to the classification of depressed participants in experimental studies can enable the
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determination of the relative impact of different aspects of depression and its severity on

other experimental measures.

1.1.3 Profile of cognitive function in major depression

Major depression is not only defined by the presence of certain abnormalities in affect, but is
also characterised by dysfunction in aspects of cognitive function. While unipolar

depression is commonly associated with the disorder of psychological constructs such as

attitudes or attributions, individuals with depression also exhibit a tendency to experience

dysfunction in the more general processing, storage, and retrieval of information. It is this
latter dysfunction of cognition that is the focus of this section.

Neisser, (1967) defined cognition as "all the processes by which the sensory input is

transformed, reduced, elaborated, stored, recovered, and used" (p.4). Thus, within this
framework the term 'cognition' may be defined as those functions pertaining to sensation,

perception, imagery, attention, recall, memory, problem solving, and thinking.

Consequently, cognitive dysfunction may be defined as a disorder of any or all of these

processes.

In order to ascertain the cognitive profile in unipolar depression there are a number of
factors that it is necessary to consider. Firstly, cognitive dysfunction has traditionally been
considered a transitory aspect of depressive illness and may only last as long as the

depressive episode (Bazin et al., 1994; Moffoot et al., 1994; Elliott, 1998). However, recent

evidence has been indicative of persistent deficits in cognition in chronic and treatment

resistant cases of depressive illness (Kessing, 1998). The persistence of cognitive deficits may
be associated with depressive subtype (Austin et al., 1999) or treatment, e.g.

electroconvulsive therapy (ECT). In addition, as with the expression of other symptoms,

cognitive dysfunction observed during a MDE can vary between individuals in both nature
and severity.

Therefore, in order to determine a model of cognitive dysfunction in major depression it is

imperative to consider: (1) whether there is reasonable evidence of cognitive dysfunction in

major depression; (2) the profile of cognitive deficits commonly observed in major
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depression; (3) the factors that underlie such dysfunctions; and (4) whether such deficits are

trait or state aspects of depressive illness.

1.1.3.1 Summary of cognitive deficits in major depression
A considerable volume of research literature has been concerned with cognitive function
associated with depressive illness. However, there have been notable differences in the
outcomes of such investigations. While some studies have noted a significant deficit in

depressed patients in a number of different cognitive processes (e.g. Austin et al., 1992;

Brown et al., 1994; Moffoot et al., 1994; Beats, Sahakian & Levy, 1996; Elliott et al., 1996;
Austin et al., 1999; Landro, Stiles & Sletvold, 2001; Ravnkilde et al., 2002), others have found

no or little evidence of impairment in measures of cognitive function (e.g. Miller et al., 1991).
This variability in empirical observations between studies makes it difficult to ascertain
whether there are reasonable grounds for presuming a pattern of specific cognitive

impairment in major depression, or whether depressed individuals experience a global

impairment of cognitive function.

One possible explanation is that the inconsistencies in experimental findings between
different studies have arisen from the substantial diversity in approaches to studying

cognitive function in major depression. While some studies have been relatively
conservative in their choice and definition of depressed samples, examining deficits in

clearly defined sub-samples of depressed individuals, others have considered cognitive
function in more diverse samples of patients, e.g. including individuals with unipolar and

bipolar depression (BD), and with various between subjects differences in history and

symptom presentation. Similarly, studies have also been relatively diverse in the cognitive

processes that they studied and the assessments employed, e.g. while some studies have
examined a variety of aspects of cognition using well known neuropsychological batteries,
others have chosen to examine single cognitive functions with less well known or specially

designed tasks.

The methodological variation between studies makes it a potentially complex task to

ascertain a reliable model of the cognitive function in individuals with MDD. A potential
solution to this issue is to determine those cognitive functions that are consistently noted as

being impaired in depressed patients across studies and that appear to show a deficit
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associated with the affective facets of depressive illness. This may be achieved by

ascertaining commonalities in the approaches of different investigators, and by identifying
similar observations between studies, irrespective of the similarities or differences in

experimental methodologies.

Bearing this in mind, the aim of this section is to review the literature pertinent to cognitive

function in depression in order to ascertain the potential profile of cognitive deficit in major

depression. Although important relationships do exist between a number of the cognitive
functions explored here, some processes which are intrinsically linked (e.g. information

processing and attention) have been dealt with separately.

(Note: A summary of the original articles and review papers examining cognitive and

neuropsychological deficits in depression which were considered in this review are

presented in Appendices 1A and IB).

Psychomotor function
Disturbance of psychomotor function is a common aspect of unipolar depression.

Psychomotor dysfunction is so commonplace in patients suffering from MDD that it is
included as a diagnostic criterion in classification systems such as DSM-IV and ICD-10. One

potential reason for its inclusion may be the high predictive value of psychomotor

dysfunction for the presence of depressive illness. Indeed, in an examination of the

predictive value of each individual diagnostic criteria on DSM-III one study found that

psychomotor change was one of the best predictors of MDD (i.e. Buchwald & Rudickdavis,

1993).

The profile of psychomotor function observed in depressed patients includes both

psychomotor retardation and agitation. Moreover, impairment has been noted in varied

aspects of psychomotor function such as gross motor activity, body movement, speech, and
motor response time (Sobin & Sackeim, 1997). Despite the importance of all of these factors
in accounting for psychomotor disturbance in major depression, in this instance our concern
is with those aspects pertaining to cognitive function.
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A number of investigations have observed psychomotor dysfunction associated with the

performance of tests of cognition (e.g. Beats et al., 1996; Austin et al., 1999, Moffoot et al.,
1994; Ilsley, Moffoot & O'Carroll, 1995; Moritz et al., 2002; Ravnkilde et al., 2002). These

studies have all noted evidence of psychomotor slowing in individuals with major

depressive illness compared to matched, healthy controls, on a number of different cognitive
measures. The assessments used in these investigations have included both simple and
choice reaction time (RT) tasks (i.e. Beats et al., 1996; Austin et al., 1999), measures of verbal

fluency (i.e. Beats et al., 1996; Austin et al., 1999), the digit symbol substitution (DSST) of the
Wechsler Adult Intelligence Scale - Revised (WAIS-R: Wechsler, 1981; i.e. Moffoot et al.,

1994; Ilsley et al., 1995; Ravnkilde et al., 2002), the reaction time measure of the Cambridge

Automated Neuropsychological Test Battery (CANTAB: Robbins et al., 1994; i.e. Moffoot et

al., 1994), and the Trails A and B tasks (Reitan, 1992; i.e. Moritz et al., 2002; Ravnkilde et al.,

2003).

However, not all studies that have considered psychomotor function in MDD have found
evidence of significant deficits. In a study of one hundred and twenty three depressed

outpatients, Grant and colleagues found no evidence of psychomotor dysfunction in

depressed patients compared to controls on the Trails A task (Grant, Thase & Sweeney,

2001). Likewise, the failure to observe any significant deficit in psychomotor function has
also been noted in other investigations, on a range of neuropsychological measures (e.g.
Miller et al., 1991; Sweeney, Kmiec & Kupfer, 2000).

Despite the contradictory indications of these latter findings there does appear to be greater

support for the notion of psychomotor slowing in major depression. For example, in a

review of cognitive function in MDD, which considered papers over a period of twenty-two

years, Veiel concluded that there was evidence of psychomotor slowing across studies

(Veiel, 1997). A number of studies that met the inclusion criteria for the review found that

on choice reaction time measures patients with MDD performed worse than controls.

Moreover, one of the studies included in this review had considered both

electrophysiological and behavioural measures of psychomotor performance. The authors

proposed that the deficit seen in choice reaction time in depression was not due to the

slowing of perceptual processes, but rather could be attributed to slowing of the response

processing stages (i.e. Knott & Lapierre, 1987).
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Consequently, it is reasonable to conclude that there is evidence of psychomotor slowing
associated with performance of cognitive tasks in patients with major depression. However,

while these studies provide rather consistent evidence of psychomotor impairment in major

depression, there are number of important factors regarding these studies that should be
noted. Firstly, Austin and colleagues noted that while there was clear evidence of

psychomotor retardation in a sub-group of melancholic patients compared to healthy

controls, non-melancholic patients were largely unimpaired (Austin et al., 1999). In

addition, Moffoot found that in depressed patients with a diagnosis of melancholia and clear
diurnal variation in mood, the degree of psychomotor deficit seen in patients was more

severe and extensive in the morning (Moffoot et al., 1994).

It is also important to note that this particular deficit does not appear to be task specific. The

generalised nature of psychomotor dysfunction in depressed patients has been suggested as

evidence for the notion that psychomotor retardation may be a causal factor in the range of

cognitive dysfunctions observed in MDD. Nonetheless, studies that have observed

psychomotor dysfunction in samples of depressed individuals have observed that when

psychomotor performance is included as a co-variate in analysing cognitive performance
that it cannot account for the difference seen between patients and controls on all measures
of cognitive performance (i.e. Ravnkilde et al., 2002). Moreover, studies that have failed to

find differences between MDD patients and healthy controls on measures of psychomotor
function have still observed depression associated deficits on other measures of cognitive

function, such as performance on the Wisconsin Card Sorting Test (WCST; Heaton, 1981) (i.e.
Grant et al., 2001), attention (i.e. Miller et al., 1991), and episodic memory (i.e. Sweeney et al.,

2000).

Information processing
■ Effortful vs. automatic processing
It has long been a popular notion that the resources available to an individual for cognitive

processing are limited. Moreover, it has been suggested that the amount of processing

required varies between different tasks (Kahneman, 1973). This further implies that
different tasks place unequal demands upon the information processing system, resulting in
different classes of information processing tasks.
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Broadly speaking one can separate the types of information processing that individuals

require to perform cognitive tasks into 'effortful' and 'automatic' processes (Hasher & Zacks,

1979). 'Effortful' tasks are defined as those cognitive tasks that an individual must initiate

intentionally, which are amenable to the effects of practice, and which place a high level of
demand upon the attentional resources of the information processing system. In addition,
effortful tasks also show a tendency to interfere with the ability of an individual to

effectively process other tasks that also require attentional resources. 'Automatic' tasks, on
the other hand, occur without conscious awareness and intention, do not benefit from

practice, and place minimal demand upon attentional resources. Moreover, a task that is
automatic in nature should not interfere with the processing of cognitively demanding tasks

(Posner & Snyder, 1975).

Although the distinction between effortful and automatic information processing is one that
is useful both theoretically and in research settings, cognitive theorists have suggested that it
is not sufficient to describe all cognitive processes in terms of just these two categories, and
that instead information may be better described in terms of a continuum of automaticity.

Major depression is commonly associated with increased levels of state stress, which may be

contributory to the profile of information processing function observed in MDD. Hasher and
Zacks (1979) argued that conditions of stress place demands upon attentional resources, and
as a result would be expected to interfere with the effective processing of effortful cognitive

tasks, but not automatics ones. Consequently, it has been postulated that MDD will be
associated with an impairment of tasks that place high demands on attentional resources, i.e.
effortful tasks, and a relative sparing of low demand, i.e. automatic, tasks, as a result of
stress-mediated demands on processing resources (e.g. Hartlage et al., 1993). This notion has
been supported by evidence from a number of investigations which have noted a significant
difference between depressed patients and healthy controls on measures of effortful

processing (e.g. Golinkoff & Sweeney, 1989; Roy-Byrne et al., 1986; Beats et al., 1996;

Thomas, Goudemand & Rousseaux, 1999).

One of the most extensive reviews of automatic and effortful processing was conducted by

Hartlage and colleagues (i.e. Hartlage et al., 1993). This review considered a wide range of
mnemonic and non-mnemonic cognitive tasks, including: intellectual functioning; problem

9



solving; general learning; encoding; reading; psychomotor retardation; and automatic

processing (e.g. frequency encoding, spatial location, and activation of self-relevant content).
The authors concluded that depression was associated with an impairment of effortful

processing, across a range of tasks. Conversely, it was observed that depressed individuals

experienced only a minimal amount of interference in automatic processing. They further
noted that the level of impairment was related to the degree of effortfulness of the task,

severity of depression, and the valence of the stimulus material used.

Despite the obvious discrepancies in the performance of effortful and automatic tasks noted
in depressed individuals there remains the issue of whether this difference is due to the

degree of automaticity or effortfulness required by the task or whether it can be attributed to

some other factor of performance. It has been suggested that the difference between the two

types of task may simply be the result of differences in the degree of difficulty of tasks. By

their nature effortful tasks do tend to be more complex and difficult to perform, while
automatic tasks are often more simple and easier to perform. Thus, it is essential that this
difference be taken into account when considering the evidence of impairment in

information processing associated with major depression.

Irrespective of how the available data is interpreted, there is considerable evidence of

impairment in effortful information processing associated with depression. However, at

least one paper concerned with relative performance of patients and controls on measures of
automatic and effortful tasks noted that the difference in performance between tasks could
not be solely explained by the level of automaticity (i.e. Thomas et al., 1999). In this study
individuals with major depression were compared to healthy controls on levels of a task that
differed in the degree of effortfulness. Participants were asked to attempt simple and choice
reaction time variations of two types of attentional task: (1) the combination of two
concurrent tasks, and (2) tasks involving decision-making. The authors observed that while
control participants performed worse on the dual task conditions, compared to the single
task condition, the opposite was true of depressed patients. Moreover, depressed patients

were significantly impaired, with regards to both accuracy and timing, on those tasks that
involved decision-making processes. It was concluded that the pattern of results indicated a

more specific pattern of impairment on effortful tasks and that individuals suffering from
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depression may be able to successfully undertake tasks that are effortful in their nature as

long as they do not include a decision-making component.

" Speed of information processing

In addition to the proposed deficit in effortful information processing, it has been suggested
the depressed patients also experience impairments in the speed of information processing.

Evidence of this type of cognitive dysfunction has come from studies that have examined

speed of processing during the investigation of depressed patients on a battery of

neuropsychological assessments. For example, Austin noted an impairment of information

processing speed in a group of melancholic patients using simple and choice reaction time

measures, compared to matched controls (Austin et al., 1999). Similarly, Beats and

colleagues also observed impaired speed of processing in a sample of elderly depressed

patients on a choice reaction time task (Beats et al., 1996).

Information processing speed has also been examined in studies which made no other
assessment of cognitive function in depressed patients (e.g. Tsourtos, Thompson & Stough,

2002). Tsourtos and colleagues assessed information processing in patients with MDD and

matched controls using an 'inspection time' task. The advantage of the inspection time

paradigm is that it provides a measure of speed of processing without the need for a

speeded motor response. As with those studies that considered processing speed in

conjunction with other cognitive measures, this investigation concluded that patients were

indeed impaired on this measure of processing speed. In addition to the use of this simple

performance measure, a further advantage of this study was its use of young, unmedicated,

unipolar depressed patients. It has previously been suggested that cognitive slowing is only
associated with depressive illness in middle aged and elderly individuals (Purcell et al.,

1997). However, this latter study provides evidence that impairments traditionally
associated only with older depressed patients may in fact be characteristic of major

depression irrespective of age.

Mnemonic function

Impairments in mnemonic function have been one of the most frequently investigated and

reported deficits in studies of cognitive function in depression (e.g. Austin et al., 1992;

Austin et al., 1999; Bazin et al., 1994; Beats et al., 1996; Brand, Jolles & Gispen-de Wied, 1992;
Brown et al., 1994; Elliott & Greene, 1992; Elliott et al., 1996; Ilsley et al., 1995; Landro et al.,
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2001; Moffoot et al., 1994; Beats et alv 1996; Ravnkilde et al., 2003). Studies have examined

performance on a variety of measures of memory function in depressed patients, including
verbal and visuospatial measures of both short- and long-term memory. Given the scope of
research that has considered mnemonic function in depression, the various subsystems of
human memory, and the variety of tasks employed it is advisable to consider the evidence

pertaining to each subsystem separately.

(Note: As a result of its close association with others functions that come under the collective

title of 'executive function', working memory (WM) function in depression will be discussed
in the following sub-section).

■ Short-term memory (STM)
'Short-term memory' refers to a passive, limited, and temporary information store (see

section 1.2). According to traditional models of human memory, the short-term store

facilitates the encoding of information from sensory memory, it's temporary storage, and

potential transferral to a long-term memory store (Atkinson & Shiffrin, 1968). Depressed

patients commonly report a subjective feeling of dysfunction in their short-term memory.

However, the empirical data suggests that there may not be an obvious impairment of the
short-term store in MDD.

Despite the subjective ratings of patients samples, there are studies which are indicative of

sparing of the short-term memory systems in adults with MDD (e.g. Cohen et al., 1999
Moffoot et al., 1994; Beats et al., 1996; Purcell et al., 1997; Sweeney et al., 2000; Grant et al.,

2001). In one study, which compared the profile of cognitive deficit in schizophrenic and

depressed patients, individuals with a diagnosis of MDD were found to be unimpaired on

two measures of short-term function compared to normal controls, i.e. digit span and word

span recall tasks (Cohen et al., 1999). Grant and colleagues observed a similar pattern of
results in a larger scale investigation. This study examined STM function on a variety of

cognitive tasks, in a sample of more than one hundred depressed outpatients. The authors
concluded that there was no evidence of a significant difference between patients and
matched controls on measures of both visual and verbal short-term memory (Grant et al.,

2001).
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Miller also failed to find any significant dysfunction in either verbal or visuospatial STM in a

sample of depressed patients, on short-term memory measures of the Luria-Nebraska

Neuropsychological Battery (LNNB: Golden et al., 1985; Miller et al., 1991). However, while
these findings are in concordance with the studies outlined above, it should be noted that
the LNNB was originally designed for use with neurologically impaired patients, and thus

may not be sensitive enough to detect cognitive differences between depressed patients and

healthy controls. Moreover, as opposed to more traditional neuropsychological batteries,
which adopt a qualitative, psychometric approach to assessment, the LNNB is based on a

theory of higher cortical functioning. Although the converse may be true, it is possible that

adopting such an approach to paradigm may affect the reliability of this measure when used
with other clinical populations.

In contrast to these investigations, there are studies which are indicative of a dysfunction of
short-term memory associated with major depression (e.g. Wolfe et al., 1987; Miller et al.,

1991; Austin et al., 1992; Brand et al., 1992; Brown et al., 1994; Beats et al., 1996; Elliott et al.,

1996; Kessing, 1998; Austin et al., 1999; Shah et al., 1999; Moritz et al., 2002; Ravnkilde et al.,

2002; Porter et al., 2003). On one hand, there are a number of investigations that have found
evidence of a deficit in verbal STM in MDD patients, compared to control participants on a

variety of assessments of verbal learning such as the Rey Auditory Verbal Learning Test

(RAVLT; Rey, 1964) (e.g. Wolfe et al., 1987; Miller et al., 1991; Austin et al., 1992; Brown et al.,

1994; Austin et al., 1999), the California Verbal Learning Test (CVLT; Delis et al., 1987) (e.g.

Elderkin-Thompson et al., 2003), and the Luria Verbal Learning Test (Christensen, 1975) (e.g.

Ravnkilde et al., 2002). Thus, suggesting a reliable impairment of verbal STM in MDD.

There are also studies that have noted impairment in the visuospatial short-term store in

MDD. In a sample of elderly depressed patients, Beats found evidence of a significant

depression related impairment using a battery of tests of visuospatial memory, i.e. pattern
and spatial recognition, delayed match-to-sample (DMTS) and paired-associated learning
subtests of the CANTAB (Robbins et al., 1994; in Beats et al., 1996). Similarly, Elliott and

colleagues also noted deficits on pattern and spatial recognition and DMTS tasks in a group

of middle aged, chronically depressed patients, compared to healthy controls (Elliott et al.,

1996).
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These observations have also been replicated in more specific sub-groups of depressed

patients. Indeed, Porter observed a significant difference between medication free patients

(i.e. for a minimum period of 6 weeks prior to testing) and a group of matched controls on

all of these CANTAB assessments (Porter et al., 2003). Thus, suggesting that impaired short-
term visuospatial ability associated with MDD is a manifestation of depressive illness rather
than an effect of anti-depressant medication.

The observed disparity in findings between studies regarding short-term memory in MDD

may be the result of methodological differences between studies. Therefore, in order to
determine whether MDD is associated with an attenuation of STM function it may be more

appropriate to examine the findings of meta-analytical or review papers of cognitive

function in major depression.

There are a number of articles which have reviewed mnemonic function in MDD (e.g.

Cassens, Wolfe & Zola, 1990; Roediger & McDermott, 1992; Burt, Zembar & Neiderehe, 1993;
Christensen et al., 1997; Zakzanis, Leach & Kaplan, 1998; Austin, Mitchell & Goodwin, 2001;
Porter et al., 2003; Tavares, Drevets & Sahakian, 2003). However, the majority of reviews
have either concerned themselves with the various subdivisions in long-term memory or do
not make clear distinctions between short- and long-term memory processes in their analysis
of relevant studies. Despite this, there are a handful of reviews that have findings pertinent
to STM function in major depression.

Cassens reviewed available literature, over a fifteen year period, which had considered

cognitive function in depression (Cassens et al., 1990). This review observed that there was

evidence of 'significant and reproducible deficits' in learning verbal material and in

narrative recall (pp 206). Furthermore, the authors also noted that there was evidence of

dysfunction in numerous tests of nonverbal learning, in conjunction with a relative sparing

of 'facial recall' (i.e. memory for faces), associated with MDD. However, while evidence was
included from studies utilising STM tasks to assess these types of function, the authors did
not clearly distinguish between the relative long-term and short-term processes in each of
these functions in drawing their conclusions. Therefore, it is difficult to ascertain whether
this review is indicative of a significant dysfunction of STM or just of the general processes
involved in human memory, such as encoding.
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Given the large body of supporting evidence, it seems reasonable to conclude that there is, to

some degree, an impairment of both verbal and visual STM associated with MDD.

However, given that there is inconsistency in the findings between different studies, it is

important that the potential differences between investigations in specific pertinent factors
that may contribute to the differences in experimental observations are considered. This
issue shall be broached in subsequent sections of this chapter.

■ Long-term memory (LTM)

'Long-term memory' traditionally refers to the more permanent storage of information (see
section 1.2). While there is considerable debate in cognitive psychology as to the duration
and capacity of a LTM store, it is commonly accepted that the memories retained in this store
can be characterised as either 'implicit' or 'explicit' memory. Within this model, implicit
tasks are defined as those on which performance is not reliant on conscious recollection of a

learning event. Explicit tasks, on the other hand, require individuals to consciously recall or
remember information that they have previously learned. Research into LTM in major

depression has largely focussed on the relative performance of patients on these two sub¬

types of long-term memory performance.

As opposed to the research literature concerned with short-term memory, the evidence

regarding the integrity of long-term memory in MDD is relatively consistent. A number of
studies have directly compared the performance of patients with major depression and

healthy controls on measures of both implicit and explicit memory and noted an impairment
of the latter, but not the former (e.g. Denny & Hunt, 1992; Bazin et al., 1994; Ilsley et al., 1995;
Cassens et al., 1990; MacQueen et al., 2002). Moreover, dysfunction in explicit memory in

depressed patients has been observed using a variety of different cognitive tasks, including
cued and free recall (i.e. Cassens et al., 1990; Denny & Hunt, 1992; Bazin et al., 1994), word-

stem completion (i.e. Cassens et al., 1990; Bazin et al., 1994; Ilsley et al., 1995), the Rivermead
Behavioural Memory Test (RMBT; Wilson, Cockburn & Baddeley, 1985), and verbal learning

assessments, such as the RAVLT (e.g. Wolfe et al., 1987).

The dysfunction in explicit memory has been further demonstrated in a number of review

studies, including meta-analytical investigations. Zakzanis and colleagues conducted a

meta-analysis of data from 726 depressed patients and 795 matched controls, across a variety
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of cognitive tasks (Zakzanis et al., 1998). The experimenters concluded that across tasks the

largest effect of MDD on LTM was on measures of encoding and retrieval from episodic

memory. Moreover, the effect of MDD on episodic memory function was evident in an

array of tasks, including the RAVLT, the Wechsler Memory Scale - Revised (WMS-R;

Wechsler, 1987), the Mattis Dementia Rating Scale (MDRS; Mattis, 1988), and the Rey-
Osterrieth Complex Figure (ROCF; Lezak, 1995).

While the majority of studies that have explored explicit memory in depression have used
tasks that assess an individual's 'episodic' memory (i.e. the recollection of personally

experienced events), there is also alternative form of explicit LTM, i.e. 'semantic memory',
that should be considered in assessing the integrity of LTM. Semantic memory, which can

be defined as an individual's conceptual knowledge (i.e. knowledge of concepts, rules, and

facts), has been considered in a number of studies of MDD (e.g. Wolfe et al., 1987; Austin et

al., 1992; Ilsley et al., 1995). However, these studies have all noted that depressed patients

were unimpaired on measures of semantic memory, such as oral verbal fluency tasks,

compared to matched normal controls.

In contrast to the previous observations, there are investigations that have noted a significant

impairment of implicit memory in depressed patients. For example, Elliott and Greene

(1992) assessed both explicit and implicit long term memory using four different types of

task, i.e. cued and free recall (i.e. explicit memory) and word-stem completion and

homophone spelling tasks (i.e. implicit memory). They found that depressed patients were

significantly impaired on all of these tasks compared to a sample of healthy normal controls.
The authors suggested that these observations might be indicative of a more global pattern
of cognitive impairment in major depression than previously thought, or that depression

may interfere with 'data-driven' encoding processes. However, it should be noted that this

study employed relatively small numbers of participants in each sample (i.e. ten in each) and
did not report effect sizes. Therefore, it is possible that the observations in this study may be
due anomalies in the data, such as outliers, leading to distortion of the data set as a result of

employing small numbers of participants.

In addition to those studies that have investigated the relative effect of depression on

implicit and explicit memory, there are a number of studies that have considered the
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comparative effect ofMDD on visual and verbal long-term memory. Landro and colleagues

compared depressed patients and healthy controls on measures of verbal and non-verbal
LTM (i.e. Randt Memory Test; Randt, Brown & Osbourne, 1980; the recurring recognition

figures test; Kimura, 1963). The authors found that while depressed individuals were

comparatively impaired in their verbal LTM, non-verbal LTM was unimpaired in the

depressed sample relative to controls (Landro et al., 2001).

There are also those studies that have failed to find any evidence of any significant deficit in

long-term memory associated with major depression (e.g. Grossman et al., 1993; Fossati et

al., 1999). Indeed, one study found that, while there was evidence of a significant executive

deficit associated with depression, depressed participants were not impaired on any

measure of mnemonic function compared to normal controls, including a measure of

episodic memory (Grossman et al., 1993).

Therefore, it is reasonable to conclude that there is a significant impairment of LTM
associated with major depression, which appears to be limited to episodic explicit memory.

However, the contradictions that exist in the literature should be considered in the

construction of a model of cognitive function in MDD.

Executive function

'Executive function' is a term that is used to describe a set of functions involved in the ability
to initiate and carry out goal-directed behaviour, and includes processes such as attention,

concentration, decision-making, planning and working memory (Fuster, 1989). In addition
to the considerable quantity of evidence regarding mnemonic function in MDD, a variety of
studies have examined the integrity of various processes involved in executive function in
individuals suffering from depression (e.g. Channon, Baker & Robertson, 1993; Grossman et

al., 1993; Palmer et al., 1996; Channon & Green, 1999; Cohen et al., 1999; Grant et al., 2001;

Ravnkilde et al., 2002; Watkins & Brown, 2002; Elderkin-Thompson et al., 2003; Porter et al.,

2003).

In order to ascertain an appropriate model of executive processes in depressed individuals it
is important to consider their performance on measures of each of the cognitive processes

that contributes to executive function.
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■ Attention

Attention is proposed to be involved in the transfer of information from sensory to short-
term memory, and, therefore, is a critical resource for the successful completion of any
conscious process (Ashcraft, 1994). Depressed patients will often complain of experiencing

impaired attention. Indeed, this type of cognitive dysfunction is so commonplace that

impaired concentration has been included as a diagnostic criteria for MDD in DSM-IV

(American Psychiatric Association, 1994).

As previously noted, depressed patients appear to be impaired on effortful tasks, i.e. those
tasks requiring conscious processing of information. Given the critical association between
mechanisms of attention and conscious processing, it is reasonable to suggest that
individuals with unipolar depression will be impaired measures of attention. Indeed, there
are many investigations that have noted a significant impairment on measures of attention
in MDD patients compared to healthy controls (e.g. Miller et al., 1991; Grossman et al., 1993;
Trichard et al., 1995; Purcell et al., 1997; Moritz et al., 2002; Ravnkilde et al., 2002; Porter et

al., 2003). Investigations of attention in MDD have studied different types of attentional

process, including global attentional processes, selective attention, and attentional set-

shifting. However, as with most other areas of cognition, the available evidence relating to

each of these attentional subtypes is rather contradictory.

A review of investigations of attention in major depression noted that global impairment of
attention was associated with MDD, and was most consistently replicated in those

investigations using measures of prolonged simple and choice RT, the Continuous

Performance Test (CPT: Mirsky et al., 1960) and the Digit Symbol Substitution Test (DSST:

Wechsler, 1981; i.e. Mialet, Pope & Yurgelun-Todd, 1996). The authors of this review

suggested that impairment on these measures in MDD was indicative of a level of cognitive
retardation associated with depressive illness. They also indicated that this type of

impairment was often confounded by the psychomotor retardation associated with MDD,
and that this confounding effect was evident on those tasks of attention which also have a

psychomotor component, e.g. Trail Making Test A and B (Reitan & Wolfson, 1993).

In addition to a global impairment of attention, deficits in selective attention have also been
noted in studies of MDD. In their study of elderly depressed patients, Beats and colleagues
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employed a visual search task to assess selective attention. They found that depressed

patients were significantly impaired on this particular measure, compared to a group of
matched healthy controls (Beats et al., 1996). Although it could be argued that the deficit
noted in this study may be specific to depression in elderly samples, other studies involving

samples of younger adults have also noted deficits in selective attention (e.g. Trichard et al.,

1995; Beats et al., 1996; Landro et al., 2001; Moritz et al., 2002). Moreover, in an investigation

of cognitive function in unmedicated depressed patients, Porter also found that a depression
was associated with a significant deficit in selective attention (Porter et al., 2003).

Studies of attention in MDD have also examined the performance of depressed patients on

tests of attentional set-shifting, which are essentially measures of cognitive flexibility. In
addition to deficits in global attention function and selective attention, there is evidence to

suggest that attentional set-shifting is also significantly impaired in MDD (e.g. Purcell et al.,

1997; Merriam et al., 1999; Grant et al., 2001; Moritz et al., 2002). In one investigation of
executive function, Channon examined set-shifting ability in dysphoric individuals (i.e.
mean score on the BDI = 17.8) using the Wisconsin Card Sorting Test (WCST; Heaton, 1981).
It was observed that, compared to normal controls, dysphoric participants made

significantly more perseverative and non-perseverative errors on this task (Channon, 1996).

Although this study examined dysphoric individuals, rather than a clinical sample, review
evidence suggests that the pattern of deficits seen in dysphoric groups is similar, but less

severe, than impairment in MDD patients (Hartlage et al., 1993). Moreover, a number of
studies of clinically depressed samples have also noted dysfunction in attentional set-

shifting. For example, Fossati et al., (1999) used a modified version of the WCST to examine
the relative performance of depressed and schizophrenic patients and healthy controls.

They found that depressed patients made more perseverative errors on this measure

compared to controls, although the difference between the three experimental groups failed
to reach significance.

Despite the lack of a significant effect in the latter studies, there are investigations of clinical

depressed patients that have observed a significant deficit on this measure in MDD. In a

study of cognitive function in MDD, Grant and colleagues found evidence of a significant

impairment on the WCST associated with depressive illness in a sample of 123 depressed

patients. The authors noted that depressed individuals performed significantly worse than
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normal controls on the WCST on a number of performance parameters, including the

number of categories completed, perservative responses, perseverative errors, and failure to

maintain set. Interestingly, this was the only significant difference the researchers found on

a range of measures of cognitive performance between depressed patients and healthy
controls (Grant et al., 2001).

Significant differences between depressed individuals and healthy controls on measures of

set-shifting have also been noted on assessments other than the WCST. Purcell and

colleagues found a relative detriment in the performance of depressed patients on the
intradimensional /extradimensional (ID/ED) set-shifting subtest of the CANTAB. In this

study only 50% of depressed participants managed to complete all stages of the task

successfully, compared to 85% of healthy controls. Moreover, depressed patients required
more trials than controls to reach the criterion at the ID shift and ED shift stages of the task.
In addition to the comparison of mean percentage of stages completed, the authors also

compared the relative performance of depressed and controls participants at each individual

stage of the task, including only those participants who met the criterion for the given stage

in the analyses. The results of these analyses indicated that depressed and control

participants differed only in their performance on the ED shift stage of the task (Purcell et

al., 1997). Thus, indicating that set-shifting dysfunction in patients with major depression

may be specific to ED shifts only.

Despite the relative consistency of evidence relating to set-shifting in MDD, there are studies

which have failed to observe a deficit in this function associated with depression. In another

study that employed the ID/ED set shift task, Elliott and colleagues found no significant
differences between a sample of patients with major depression and healthy controls on any

of the measures of set-shifting (Elliott et al., 1996). Similarly, Sweeney found no significant
deficit on the WCST in depressed adults, as compared to normal control participants

(Sweeney et al., 2000).

Overall, it appears that MDD is associated with a significant dysfunction in a variety of

subtypes of attention, such as selective attention and attentional set-shifting. Moreover,
there is evidence to suggest that such deficits are apparent in a range of depressive sub¬

groups, and across a variety of cognitive assessments. However, impairment of attention
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might not be specific to MDD. Indeed a similar pattern of results has been observed in a

range of other psychiatric disorders (Mialet et al., 1996). Therefore, attentional dysfunction
in major depression may be the result of underlying factors that are common to a range of

psychiatric illnesses.

■ Decision-making

Decision-making is another component of executive function that is relevant to clinical

descriptions of and diagnostic criteria for depressive disorders. Despite the importance of

decision-making in models of executive function and depression, there are relatively few
studies of cognition in depression that have included specific measures of this function.

Murphy and colleagues considered the relative performance of both MDD and BD patients
and a sample of matched controls on a computerised decision-making task (after Rogers et

al., 1999a), that was based on a gambling paradigm. On this task participants were required
to make probability-based choices and to qualify their choices with an associated 'bet'.

Depressed participants (i.e. both MDD and BD) were found to be impaired on the task on a

number of parameters, compared to controls. In addition to slower deliberation times,

patients failed to accumulate as many points on the task and were more likely to use

suboptimal betting strategies (Murphy et al., 2001). Thus, indicating that the deficit in

decision-making in major depression is another clinical descriptor that can be empirically

measured, and used in the distinction of depressed and normal healthy individuals.

However, there is the need for the replication of these findings in order to support this

assumption.

■ Planning
In studies of cognitive function in MDD one of the most commonly used assessments of

planning has been the Tower of London (TOL; Shallice, 1982). As with the other measures of

cognitive function that have already been considered, the experimental evidence regarding

planning performance in major depression is not entirely consistent.

Deficits in the TOL have been noted in diverse samples of MDD patients, including elderly

(Beats et al., 1996) and medication free depressed patients (Porter et al., 2003). Yet, there are a

handful of investigations that have failed to find significant deficits associated with MDD
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using the TOL task (e.g. Sweeney et al.; 2000; Grant et al., 2001). However, it has been

suggested that performance on the TOL may be attenuated by the psychomotor component
of the task, and both these latter studies both studied samples of depressed patients who did
not exhibit psychomotor slowing.

In order to determine the contribution of psychomotor function to the performance of

depressed patients on measures of planning ability, Elliott compared the performance of
MDD patients and healthy controls on two versions of the TOL, i.e. the original TOL and the
new TOL task (NTOL; Owen et al., 1995a). The NTOL task retained the essential features of

the TOL but reduced motor demands. In this study it was found that depressed patients
were not only impaired on the TOL, i.e. patients exhibited a global deficit in performance

accuracy and were slower overall in their planning times, but also showed a deficit in

performance on the NTOL, i.e. the mean percentage correct, across all levels of the task, was

significantly lower for depressed participants (Elliott et al., 1996). The results of this study
confirm the notion that planning on the TOL is to some extent mediated by psychomotor
function. More importantly, however, it is also indicative of a planning deficit associated
with MDD, which cannot be attributed to depression related psychomotor retardation alone.

■ Working memory (WM)
The human working memory system is an active short-term store, which comprised of three

components, i.e. the central executive, the phonological loop, and the visuospatial sketchpad

(Baddeley & Hitch, 1974; see section 1.2 for a more in-depth account of this model of

working memory, and its functional distinctions). Working memory has an integral role in

the allocation of processing resources in short-term tasks, and the integration of information
from both the long- and short-term stores required for specific task performance. Thus, the

processes involved in WM form an essential component of the executive system of human

cognition.

It has been suggested that the varied pattern of cognitive impairment observed in major

depression may be the result of a faulty allocation of resources, such as would be typical of a

dysfunction of the central executive component of working memory (Channon et al., 1993).

However, there have been relatively few studies that have specifically considered working
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memory in MDD compared to other cognitive processes. Moreover, those studies that have
considered working memory in depression have been inconsistent in their observations.

Working memory function can be categorised into two basic forms - i.e. spatial and verbal
WM. The most reliable data regarding working memory in MDD appears to come from
those studies that have examined verbal WM in depressed individuals. The digit span
forwards (DGF) and digit span backwards (DGB) subtests of the WMS-R are two of the more

popular assessments that have been used to measure verbal WM in studies of depression.

Using both of these measures, one study found that although there was a WM deficit
associated with MDD it was only borderline for separating depressed patients and healthy
controls (Elderkin-Thompson et al., 2003). Yet, other studies have found significant
differences between MDD patients and controls in verbal working memory using both the
DGF and DGB (e.g. Fossati et al., 1999, Moffoot et al., 1994, and Moritz et al., 2002).

Examination of verbal WM in MDD has not been limited to studies of DGF and DGB.

Landro and colleagues studied verbal WM using the Paced Auditory Serial Addition Test

(PASAT; Gronwall &Wrightson, 1975). Participants were assessed using two versions of the

PASAT, i.e. a two second interval between the presentation of stimulus items and a four
second interval. Depressed participants were found to have significantly lower scores on this
measure of verbal WM compared to matched controls (Landro et al., 2001). Thus,

supporting the proposal of impairedWM function in major depression.

While the findings relevant to test of verbal working memory appear to be relatively
consistent, observations of spatial working memory in MDD are somewhat less reliable. On
one hand, those studies that failed in general to find significant differences between

depressed patients and healthy normal controls were also unsuccessful in observing any

disparity between experimental groups on measures of spatial WM (i.e. Lancaster et al.,

1997; Purcell et al., 1997; Sweeney et al., 2000; Grant et al., 2001). Yet, the authors of a number
of other studies have noted a discrepancy between the performance of patients and controls
on tests of spatial WM. For example, in their study of elderly depressed patients, Beats
research group noted that depression was associated with a detriment in performance on

measures of spatial working memory taken from the CANTAB neuropsychological test

battery (Beats et al., 1996). Correspondingly, Elliott also found impairment on the same
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CANTAB measures of spatial WM in a sample of younger adults with major depression

(Elliott et al., 1996).

Other researchers have suggested an impairment in spatial working memory associated with
MDD which is evident in performance on other spatial measures of executive function, such
as the WCST and the TOL (i.e. Elliott et al., 1996; Fossati et al., 1999; Murphy et al., 2003). As

previously noted, the use of both of these measures has produced contradictory findings,
and performance on each may be confounded by the presence/absence of other dysfunctions
of cognition. Therefore, the discrepancy in findings of studies that have considered spatial
WM may be linked to the association between this type of working memory and these

particular measures of executive function.

Studies that have considered the working memory system by examining either phonological

loop or the visuospatial sketchpad function have tended to contemplate its integrity in MDD
as a complete system. However, in order to determine whether there is a disruption in the
central executive, with relative sparing of the other sub-systems, it is imperative to consider
not only the available evidence regarding the working memory system as a whole, but also
the findings relating to the integrity of the executive processes of the system. One potential

approach to this issue is the examination of the performance of depressed patients on

measures that manipulate the central executive.

Although there are not many studies that have considered the executive components of

working memory in MDD, Channon and colleagues conducted an exploratory study

examining the performance of depressed patients on measures of each element of the

working memory system. The experimenters employed three measures of phonological

loop function, i.e. phonological similarity and word length effect tasks, and DGF, and a

single measure of the integrity of the visuospatial sketchpad, i.e. forward block sequence

span (after Milner, 1971). Central executive function, on the other hand, was measured

using the backward digit span and block sequence span tasks, the PASAT, the Trail Making

tasks, and a letter cancellation test. Although the authors found no significant differences in
the performance of depressed and normal individuals on measures of phonological loop or

the visuospatial sketchpad function, differences were noted between the experimental

groups on measures of central executive function. Patient span was significantly smaller
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than controls on the DGB, and there was a trend towards a significant difference between

patients and controls on the PASAT (Channon et al., 1993).

Given the lack of pertinent literature, it is difficult to draw reasonable conclusions regarding
the integrity of the visuospatial sketchpad and the phonological loop in MDD. Yet, if we are

to assume that both the DGB and the PASAT are valid measures of central executive

function, the available evidence appears to suggest that there is a reliable impairment of the
central executive in patients with MDD. However, although both of these assessments are

reliant on working memory, requiring manipulation and recall of information in the short

term, it may be the case that the type of working memory being investigated does not adhere
to the popular Baddeley and Hitch (1974) model of WM. Indeed, it has been suggested that
in the case of the PASAT the function being assessed is closer in nature to the description of
WM in the Honig model of working memory (Honig, 1978; in Landro et al., 2001). This
model describes WM as a system where the content of a temporary store is continually
refreshed and information is discarded once it is no longer of use.

Although the Honig model of working memory has been influential, the Baddeley model
has proven to be extremely popular in the study of working memory, in both normal and
clinical populations. This popularity may be attributed to evidence from neuroimaging and

genetics studies which support the functional distinction between the various components

proposed by this model. Consequently, it order to facilitate reasonable conclusions about the

integrity of the central executive component of working memory in MDD it may be

advantageous to examine WM function using tasks which adequately assess the

subcomponents of the Baddeley and Hitch model. This latter point shall be discussed later

in this chapter (see section 1.2).

1.1.3.2 Factors affecting the severity of cognitive impairment

Significant differences exist between the methodologies of the various investigations of

cognitive function in major depression. Key factors of interest include participant

characteristics, the nature of the assessment(s) used, and the function(s) of interest. The

functions that have been investigated, and their operational definitions, have been relatively
stable between different studies. In addition, the majority of studies considered in this
review either used cognitive assessments with established reliability and validity, or
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variations based on such tasks. Nevertheless, there are factors of paradigm design that have
been shown to be influential in the performance of depressed patients on measures of

cognitive function, e.g. the use of feedback and the affective valence of stimulus material. In
addition, it would appear that an important source of variance in the observations of
different studies is the result of differences in patient characteristics. Common factors of
interest to investigators have included participant age, the severity of depressive illness, and
medication status.

There are a number of studies that have considered how specific characteristics of

experimental design and individual participants are related to participant performance. By

considering how these factors have impacted upon the performance of individuals on

different measures of cognition it is possible to determine those elements that might be

consequential in the differences observed between different studies of cognition in MDD

(see Appendix 1A for full list of specified factors of interest in those studies considered for
this review).

Motivation

Motivation is a central aspect of depressive illness and as such has previously been
considered a key factor in the performance of depressed patients in experimental studies of

cognitive function. Indeed, it has been suggested that low motivation is a causal factor in
the performance of depressed participants on measures of cognition (Schmand et al., 1994).
Evidence from empirical studies of the neuropsychological profile in MDD appears to

support this notion (Channon et al., 1993; Beats et al., 1996; Elliott et al., 1997).

However, it is important to note that if motivation were the fundamental factor in impaired

cognition in major depression then it would be reasonable to expect a consistent impairment
in depressed patients across all tasks. Yet, there is quite clearly evidence of discrepancies in
the performance of MDD patients on both the same and different cognitive measures, and a

relative sparing of some cognitive functions. Therefore, although motivation is an important
factor it cannot singularly account for the profile of cognitive impairment seen in MDD

(Elliott, 1998). Resultantly, we need to consider alternative patient characteristics that may
aid in the understanding of the types of deficits noted in major depression.
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Severity of depression
The level of depressive illness at the time of assessment has been one of the most

consistently examined factors. Yet, the currently available data regarding the impact of this
characteristic constitute some of the most disjointed findings in the depression literature.

One of the most commonly used measures of severity of depressive illness in experiments is
the HRSD. A variety of investigations have observed significant correlations between

severity of depression, as determined using the HRSD, and the performance of depressed

patients on a range of measures of cognition (e.g. Cohen et al., 1982; Austin et al., 1992;

Channon et al., 1993; Austin et al., 1999; Merriam et al., 1999; Sweeney et al., 2000; Grant et

al., 2001; Ravnkilde et al., 2002; Elderkin-Thompson et al., 2003). Moreover, other studies
have noted that not only does severity of depression correlate with cognitive performance,
but it can also account for a significant proportion of the variance in the scores of depressed

participants. For example, one study found that the severity of depression, as measured

using the Brief Psychiatric Rating Scale (BPRS; Overall & Gorham, 1962) accounted for

approximately 28% of the variance in scores of depressed patients on a range of measures.

On the other hand, a number of studies that have failed to find evidence of the association

between severity of depression and cognitive performance (e.g. Golinkoff & Sweeney, 1989;
Miller et al., 1991; Channon et al., 1993; Channon & Green, 1999; Murphy et al., 1999;

Murphy et al., 2001; MacQueen et al., 2002; Moritz et al., 2002). Thus, suggesting that

depressive severity may not be associated with cognitive performance, and that cognitive

dysfunction in MDD may instead be mediated by other factors that are pertinent to

depression.

It is important to note that these contradictory findings cannot simply be explained by
differences in the choice of affective assessment, i.e. all the studies listed here used the

HRSD. Similarly, the discrepancy does not appear to be related to the presence or absence of

cognitive impairment. Indeed a number of studies that have found no association between

severity of depression and performance on measures of cognition have found significant
differences between depressed patients and controls on the cognitive assessments they

employed.
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It could be argued that the choice of HRSD may be a key component in the disparity in

findings between different studies. The HRSD is an objective measure of depression, which
is reliant on the rating of the clinician conducting the interview. Therefore, it is possible that
differences between different studies may reflect differences in the assessments of raters in

different investigations. However, this is unlikely given the highly structured nature of the
HRSD and it's strict scoring guide. Moreover, the same discrepancy in findings has been
noted using more subjective measures of affect, such as the BDI. While some studies found a

significant correlation between BDI score and cognitive performance (e.g. Cohen et al., 1982;
Channon et al., 1993; Grant et al., 2001; MacQueen et al., 2002), others failed to replicate this
association (e.g. Channon et al., 1993; Channon & Green, 1999). Given that the examination
of the observations of single investigations does not appear to aid in the resolution of this

issue, it may be advantageous to consider the conclusions from review and meta-analytical
studies.

In a review of cognition in depression, Austin and co-authors argued that there were many

studies that demonstrated that cognitive function was independent of severity of depression

(Austin et al., 2001). However, in a meta-analysis of studies examining mnemonic function
Burt and colleagues found the converse to be true, with both recall and recognition being

impacted by the degree of depression (Burt et al., 1993). Moreover, in their meta-analysis of

cognitive function in depression, Christensen and colleagues also concluded that severity of

depression was correlated with performance (Christensen et al., 1997). In addition, a

number of review articles also support the notion of an association between severity of

depression and cognitive performance (i.e. Hartlage et al., 1993; Crews & Harrison, 1995;

Christensen et al., 1997; Sobin & Sackeim, 1997; Elliott, 1998).

Therefore, it seems reasonable to conclude that performance on a variety of measures of

cognitive function in MDD is associated with the severity of depression. This may partially

explain some of the inconsistencies in presence or absence of significant cognitive

dysfunction between studies. However, it should be noted that the severity of depression

appears to only be associated with the severity of cognitive impairment seen in depressed

patients, rather than the type of deficit.
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Depressive subtype

It has been proposed that there is a differential pattern of cognitive function between

individuals with different depressive subtypes. In one investigation, Austin considered the

profile of cognitive function in melancholic and non-melancholic depressed patients.

Although, melancholic individuals exhibited dysfunction on a range of mnemonic and
executive tasks, compared to controls, non-melancholic patients were largely unimpaired on

the same measures (Austin et al., 1999). However, a later review by Austin and colleagues
concluded that there was little evidence of an association between cognitive performance
and subtype ofMDD (Austin et al., 2001).

In addition, investigations into the impact of depressive subtype on cognition have also

considered the relative performance of 'endogenous' and 'reactive' depressed patients.

However, both meta-analytical and review evidence suggested that there are no significant
difference between these two types of depressive illness on measures of cognition (i.e.
Austin et al., 1992; Crews & Harrison, 1995; Christensen et al., 1997).

Therefore, while some individual investigations of cognition in MDD have noted differences
in the cognitive profile of patients with different diagnostic subtypes of depression, across
the range of studies considered for this review there is little evidence for this type of
distinction. Indeed, it seems likely that the similarities in cognitive profile between different

sub-types of depressed patients are more numerous than the differences.

Age

There are two aspects of participant age that are of interest in the performance of depressed

patients on cognitive measures, i.e. age at the time of assessment and age at the time of onset
of first depressive episode. Although, not all studies have considered the contribution of

participant age to the cognitive profile in MDD, there are a handful of studies which suggest

that the current age of participants is unimportant in the performance of depressed patients

(Austin et al., 1992; Purcell et al., 1997; Austin et al., 1999). However, the conclusions of a

number of reviews of cognition in depression are counter-indicative, and seem to support

the notion of a significant relationship between the age of participants and cognitive

performance. Indeed, a number of review papers have concluded that there is a greater
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degree of impairment in older, compared to younger, adult depressed patients (e.g. Austin
et al., 1992; Burt et al., 1993; Sobin & Sackeim, 1997; Elliott, 1998).

It has been proposed that the relationship between participant age and level of impairment
in depression is not defined by a straight interaction effect. Indeed, Elliott noted that while

depressed patients under the age of 40 were more likely to exhibit executive dysfunction,

impairment in patients over 50 extended to mnemonic function, with those patients over 70

also exhibiting an additional impairment of cognitive slowing (Elliott, 1998).

Therefore, it can be presumed that the mean age of a given sample of depressed patients will

impact upon the observed performance on measures of cognition. Which implies that age is
a potentially important factor in explaining the differences in the observations of different

empirical investigations of cognition in MDD.

The available data also suggests that the age of the individual at the time of the onset of their
first depressive episode does impact upon specific aspects cognitive performance. The
association between measures of psychomotor function and onset age appears to be
characterised by a significant inverse correlation between these factors. This relationship has
been observed in both elderly and younger depressed adults (i.e. Beats et al., 1996; Grant et

al., 2001). Moreover, Grant also found a significant correlation between age of onset and

performance on measures of executive function (Grant et al., 2001).

These findings may reflect the presence of some factor relating to the age of onset of first

depressive episode that is also significant to the presence of specific forms of cognitive

dysfunction. Alternatively, it may simply reflect the impact of the total duration of

depressive illness. In order to clarify this issue it would be desirable to determine the impact
of onset age on measures of cognition in patients who have been matched for total illness
duration and number of depressive episodes.

Medication status

(Note: The issue of impact of antidepressant medication on cognition shall be discussed in

greater depth in section 1.3 of this chapter)
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It is common for depressed patients who participate in experimental investigations to be

receiving psychotropic medication at the time of assessment. As a result of the potential

confounding effect of medication on patient performance, it is desirable to attempt to ensure

that depressed patients are medication free at the time of participation. However, it is not

always practically or ethically possible to guarantee this. Therefore, it is important to
consider the potential relationship between patient medication status and cognition. Indeed,
there is evidence to suggest that some types of medication used to treat MDD may have an

impact upon performance on cognitive function - i.e. in both normal and clinical samples

(see section 1.3).

There are many investigations that have examined whether there is a significant impairment
of cognition in the performance of those patients receiving anti-depressant medication,

compared to those who are medication free at the time of testing. One review suggested that
the consumption of anti-depressants might have been a confounding factor in the

performance of measures of psychomotor function in MDD patients (i.e. Sobin & Sackeim,

1997). However, this conclusion appears to be contradictory to the observations of the

majority of individual investigations considered here.

Elliott suggested that, although some more traditional tricyclic medications can disrupt
some aspects of cognition, modern anti-depressants have a less noticeable effect (Elliott,

1998). This proposal was supported by evidence from two separate studies by Austin and

colleagues (i.e. Austin et al., 1992; Austin et al., 1999). These studies both found a lack of a

significant effect of the consumption of anti-depressant medication on cognitive function in

depressed patients. Similarly, other investigators have also failed to note a significant

impact of anti-depressant medication on cognitive performance in depression, on a range of
measures (e.g. Golinkoff & Sweeney, 1989; Purcell et al., 1997; Channon & Green, 1999;

Sweeney et al., 2000; MacQueen et al., 2002; Ravnkilde et al., 2002; Murphy et al., 2003).

Based on the currently available evidence it would appear that modern anti-depressant
medications have little impact upon the ability of depressed patients to perform cognitive

tasks. Moreover, given the proposed relationship between the affective presentation of

depressed patients and the degree of cognitive impairment they experience, it can be
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speculated that the effect of antidepressant medication on cognitive function in treatment

responsive patients may be facilitatory.

Diurnal variation

Diurnal variation in affect is a common aspect of the experience of MDD. This normally
takes the form of a lowering of affect in the morning, and an improved mood level in the

evening. Given the proposed link between severity of depression and cognition, it has been

suggested by some investigators that such variation may have an impact upon the observed

pattern of cognitive function in depressed patients.

In order to determine whether this assertion was accurate, Moffoot and colleagues studied
the cognitive performance of a group of melancholic depressed patients who had a clear
diurnal variation in mood. Participants in this study were assessed in both the morning and
the evening on a range of executive and mnemonic tasks. It was found that depressed

patients were significantly impaired on a number of assessments, compared to controls, at
both assessment times. However, the pattern of impairment seen in patients in the morning
was more diverse and severe than the evening pattern (Moffoot et al., 1994). Thus,

suggesting that as the mood of depressed patients improved so did their ability to

successfully undertake the cognitive tasks.

This study is not the only one to note an effect of diurnal variation on measures of cognition.
Porterfield and colleagues also conducted an investigation of the effect of diurnal variation
on the performance of a group of patients with a diagnosis of MDD and clear diurnal
variation in mood on a range of neuropsychological measures. These authors found that
measures of executive function and verbal fluency were sensitive to diurnal changes in
mood (Porterfield et al., 1997).

The observation of the effect of diurnal variation has also been observed in more elementary
measures of cognitive function. Indeed, in a review of psychomotor function in MDD, Sobin
and Sackheim concluded that diurnal variation was significantly associated with the

psychomotor performance of depressed patients (Sobin & Sackeim, 1997).
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Although the concept of diurnal variation in MDD is intrinsically linked to the notion of

severity of depression, the consistency of findings relating to the effect of this factor on
observed cognitive performance suggest that its impact may be mediated by factors other
than severity alone. For example, Moffoot also noted that the level of impairment in

depressed participants was significantly correlated with Cortisol levels. Therefore, it may be

postulated that Cortisol may be an important mediating factor in the observed association
between diurnal variation in mood in depressed patients and cognitive function.

Feedback

The use of feedback in cognitive paradigms and its effect upon the performance of depressed

patients is linked to the issue of motivation. It has been noted that the nature of feedback

given to patients with MDD can have a differential effect on response, compared to normal
controls. Depressed patients not only respond less well to positive reinforcement or reward
than controls, but also exhibit a tendency to evaluate their performance more negatively. It
has been predicted that while control participants will respond to negative feedback with
increased motivation, depressed patients are more likely to experience a detriment in
motivation or a 'catastrophic reaction' to testing when challenged by negative feedback.
This theory of abnormal response to negative feedback in major depression has been

supported by evidence from Elliott and colleagues (e.g. Elliott et al., 1997).

However, Elliott's findings have not been replicated in all investigations of the effect of
feedback on cognition in depressed patients. Although Shah and colleagues did find
evidence of impaired performance on the Delayed and Simultaneous Match to Sample

(DMTS and SMTS) subtests of the CANTAB in both depressed and schizophrenic patients,

they found no evidence of a motivational effect of negative feedback in controls.

Furthermore, there was no indication of an abnormal response to this type of feedback in

patient samples (Shah et al., 1999).

Nonetheless, given the critical role of motivation in the performance of depressed

participants and the likelihood of this effect of feedback, it is essential to acknowledge the

potential effect of the use of paradigms with an intrinsic feedback mechanism in the
assessment of cognitive function in MDD.
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Affective valence

Another important aspect of paradigm design in investigations of cognition in depression is
the hedonic tone of the stimuli that are used. Major depression appears to be associated
with a specific deficit in information processing, which is characterised by abnormalities in
the processing of mood-congruent material. The empirical evidence is suggestive of a

facilitation of the processing of emotionally negative stimuli in major depression, compared
to neutral or positive stimuli. However, this type of deficit has been found to be rather

specific. Indeed, two separate investigations both found that although the affective valence

of stimuli affected the processing of explicit material, implicit tasks were largely unaffected

(i.e. Denny & Hunt, 1992; Watkins et al., 1992). In addition, in their review of effortful and
automatic processing in depression, Hartlage and colleagues also noted that the degree of

impairment on effortful tasks was related to the valence of the stimulus material used in the

given task. They concluded that depressed patients exhibited better performance levels on

effortful tasks that had used negatively valenced stimuli, compared to positive or neutral
stimuli (Hartlage et al., 1993).

Although not all studies have found evidence of this sort of bias in information processing in
MDD (e.g. Ilsley et al., 1995), there is considerable support for the notion of the impact of the
affective valence of stimuli when assessing depressed patients. Therefore, that the choice of
stimuli might impact upon the likelihood of observing significant differences between MDD

patients and matched controls on measures of cognition should be noted when considering
the evidence of cognitive dysfunction in MDD.

1.1.4 Aetiology of cognitive dysfunction in major depression

Despite a significant degree of inconsistency in the literature which has examined the
various aspects of human cognition in those experiencing major depressive illness, there is
still considerable evidence to suggest that MDD is associated with a substantial impairment
in cognitive function. In addition, is appears that the cognitive profile of depressed patients
is mediated by a number of contributory factors. While some of these factors are applicable
to a range of psychiatric conditions others appear to be more specific, applying only to those

patients with major depression. Although it is imperative to be able to predict the extent of

cognitive deficit associated with unipolar depression and the relative importance of those
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key factors in patient performance, it is equally important that the aetiology of the profile of

cognition in MDD is understood.

One potential approach to the understanding of cognitive dysfunction in major depression is

to determine the underlying psychological factors. There are many different psychological
theories of depression, which have been developed to aid the understanding of the

symptomatic experience of depressed individuals. Although not all psychological accounts
of MDD are useful in comprehending the pattern of cognitive impairment seen in depressed

patients, some psychological theories do aid in the clarification of cognitive dysfunction in

major depression, such as Beck's cognitive theory of depression and Seligman's theory of
learned helplessness.

Those psychological theories that are relevant to our comprehension of cognitive

dysfunction in major depression do not lend themselves to all aspects of cognitive

impairment in MDD, yet are useful in aiding our understanding of some specific deficits. A

good example of this is the application of Beck's cognitive theory of depression to the

comprehension of biases in information processing associated with major depression. Beck

proposed that individuals who became depressed had experienced a predisposition to

depressive thinking, and were actively engaged in the maintenance of such thinking.

Moreover, he suggested that this predisposition was essential to the formation of depressive

'schemas', and that the activation of these schemas was a causal factor in developing

depression (Beck, 1967; Beck, 1976).

The notion of a causal association between a predisposition to negative thinking and

depressive illness is also congruent with Bower's network theory (Bower, 1981). Bower

proposed that emotions are stored in a semantic network, with each emotion being

represented by a single node with numerous connections to other nodes. Within this model,
these additional nodes do not just correspond to emotions but instead may represent

memories, events, ideas, concepts etc. It was proposed that within this network activation in
a single node - via external or internal events - would spread to those nodes with reciprocal

connections. Within such a network system the activation of a particular node could,

therefore, prime activation in related nodes. In other words, the activation of nodes
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corresponding to emotionally negative stimuli may be primed by the experience of

depressed mood, given the reciprocal relationship between these two factors.

In addition, to its predictive value in determining the onset of depressive illness and

accounting for biases in information processing, Beck's cognitive theory may also be useful
in explaining the abnormal response of depressed patients to negative feedback. Beck's

theory suggests that individuals with MDD will actively distort external information in a

negative fashion, using a variety of processes, e.g. overgeneralization, selective abstraction,

catastrophising, and dichotomous thinking. Beck suggested that the negative processing of
information was a key factor in the depressed individuals development of negative views of
the self, the world, and the future. An essential component of this process is the ability to

screen out affirmative information, and to enhance the processing of negative information

(Beck, 1967; Beck, 1976).

Psychological theories of major depression are also useful in the explanation of other

cognitive dysfunctions that have been observed in unipolar depressed patients, such as

deficits in motivation. The importance of motivation in the performance of depressed

patients in experimental investigations has already been noted in this review. Indeed,
motivation appears to be an essential factor in cognitive performance in MDD.

Motivational deficits may be partially explained by Seligman's theory of learned

helplessness (Seligman, 1975). Seligman proposed that depressed individuals anticipate the
occurrence of negative events but not positive ones, and believe such events to be inevitable,

and, therefore, feel incapable of preventing such events from happening. Seligman also

suggested that those who suffer from depression would attribute blame for adverse events

to internal, fixed causes, rather than external, changeable ones. Within this framework
motivational deficit in depression may be determined by the feeling of inability to alter ones
circumstances that is experienced by depressed individuals. Furthermore, as the level of

importance of an uncontrollable event increases the level of control perceived by the
individual will decrease, thus leading to a greater depressive reaction - i.e. reduced

motivation.
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Although psychological approaches are useful in assisting in our understanding of causal
factors in aspects of cognitive abnormality in MDD, there are still many gaps in our

understanding of the processes underlying such behavioural deficits. Moreover, such
theories do not account for full scope of cognitive dysfunction noted in depressed patients.

Therefore, it may be advantageous to consider alternative models of depressive

symptomology that can more appropriately account for the complexity of the experimental
evidence in this field, such as the neuropsychological approach.

1.1.5 Neuropsychological profile in major depression

Neuropsychological approaches to the understanding of depressive symptomology provide
an alternative, but complementary, approach to the psychological theories of major

depression. These approaches are concerned with the association between observable
behaviour and underlying biological causes, and purport that the cognitive dysfunctions in
MDD can largely be attributed to the manifestations of abnormalities in the structure and

functioning of regions of cortex postulated to be involved in specific aspects of cognitive
function.

Evidence for impaired regions of activation in depression comes from a number of sources.

Firstly, there is the evidence of the cortical activation associated with performance of

cognitive tasks that depressed individuals have been noted to be impaired on in normal

healthy adults. Additional evidence also arises from comparison between cognitive deficits
seen in clinical groups with known structural abnormalities and similar performance

profiles in depressed patients. However, a more direct approach to the understanding of

neuropsychological function in depressed patients is the examination of evidence from

neuroimaging studies of depression.

1.1.5.1 Neuroimaging and major depression

There is considerable range of neuroimaging investigations that have been concerned with

major depression, ranging from the examination of brain structure in MDD at a cellular level
to studies of gross brain function. It is proposed that in order to ascertain an accurate

neuropsychological model of brain function one must contemplate the available data

relating to both structural and functional brain imaging in depression.
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1.1.5.1.1 Structural deficits in depression

The first structural imaging study of mood disordered patients was a computerised

tomography (CT) study, which was conducted by Jacoby and Levi (i.e. Jacoby & Levi, 1981).

Rangel-Guerra and colleagues conducted the first magnetic resonance imaging (MRI) study
of depression a couple of years later (i.e. Rangel-Guerra et al., 1983). The introduction of
MRI brought about significant changes in structural imaging, including the ability to

produce high-resolution images with more accurate structural localisations. Moreover, it
allowed for an improvement in the qualitative volumetric analysis of both cortical and
subcortical gray matter (Soares & Mann, 1997).

In a review of structural neuroimaging studies of mood disorders (i.e. both MDD and BD)
Soares and Mann suggested that the prefrontal cortex (PFC) played an integral role in

cognitive dysfunction and the modulation of mood in depression, as a result of its extensive
connections to both cortical and subcortical regions. More specifically, they proposed that a

network involving a limbic-thalamic-cortical circuit, consisting of the medial and
ventrolateral PFC, the amygdala, and the mediodorsal nucleus of the thalamus, and a limbic-

striatal-pallidal-thalamic circuit, involving the striatum and the ventral pallidum underlay
the pathophysiology of mood disorders (Soares & Mann, 1997; see Figure 1.1).

Soares and Mann considered structural neuroimaging evidence of both generalised and

regional brain abnormalities in patients with affective disorders in order to determine
whether their proposed model of PFC involvement in the symptom presentation in

depression was accurate. In the case of unipolar depressed patients the most consistent

observations were of reduced cortical volume in frontal lobe (FL), cerebellum, caudate, and

putamen. Although their findings did support the proposed neuroanatomic model of mood

regulation, they suggested that further examination of the clinical and biological correlates
of these structural changes was required in order to develop a more inclusive model.

Support for the Soares and Mann model of structural deficits associated with depressive
illness came from a later review of 3D MRI studies of neuroanatomic changes in unipolar

depression by Sheline (i.e. Sheline, 2000). This review noted that changes in cortical
structure associated with early onset depression in the hippocampus, amygdala, caudate

nucleus, putamen, and frontal cortex. Thus, supporting the notion of a fronto-striatal deficit
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in MDD predicted by the Soares and Mann model. It was proposed that this pattern of
tissue loss could have resulted from a number of mechanisms, including: neuronal cell loss

through repeated exposure to episodes of hypercortisolemia; increased vulnerability to

glutamate neurotoxicity, as a result of glial cell loss; and reduction in neurotrophic factors
and in cortical neurogenesis resulting from increased level of stress. This review also
considered the persistence of these types of structural deficit and found that the only deficit
to persist beyond resolution of depressive symptoms was volume loss in the hippocampus.

Figure 1.1: Soares and Mann (1997) neuroanatomical model of mood regulation

However, the pattern of structural impairment implied by both of these review articles may
not be consistent across sub-groups of depressed patients. Indeed, recent evidence suggests

that the integrity of cortical structures may be associated with patient outcome. Shah and

colleagues examined structural MRI scans of twenty patients suffering from chronic,
treatment-resistantmajor depression. Using voxel-based analysis, the structural scans of this

group were compared to those of recovered patients and healthy controls. In addition to

subtle changes in the left hippocampus, right fronto-striatal atrophy was observed in the
treatment-resistant patients, but not in other groups. Furthermore, the degree of atrophy
noted in patients was correlated with the cumulative number of electroconvulsive therapy

(ECT) treatment received. Thus, suggesting that this type of structural deficit was not

necessarily a causal factor in depressive illness, but instead may have been acquired and
related to the severity of depression (Shah et al., 2002).
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These findings were an extension of an earlier study by Shah and colleagues, which also

highlighted the importance of structural deficits in major depression (i.e. Shah et al., 1998).
In this earlier study MRI structural images of chronic treatment resistant depressed patients
- who were characterised by a period of MDD lasting two years or more - and healthy
controls were compared for evidence of depression associated structural deficits. The results
of a voxel-by-voxel analysis of participants' brain images revealed reduced gray matter

density in the left temporal cortex, in a region that included the hippocampus in depressed

patients. In addition, there was also a depression associated trend towards reduced density
in the right hippocampus. Moreover, the authors also noted a significant correlation
between the density of the left hippocampus and the performance of depressed patients on a

measure of verbal memory (Shah et al., 1998). Thus, suggesting that structural deficits may
be of functional and behavioural significance in MDD.

There is also evidence to suggest that the relationship between structural deficit and

depressive symptoms is not only apparent in adults with MDD. Steingard used volumetric

analysis to compare the MRI scans of depressed children and adolescents to those of non-

depressed psychiatric controls. The investigators examined the frontal lobe, lateral

ventricular, and total cerebral volumes (FLV, VV, and CV) and, as a result of individual

differences in head and body size, compared experimental groups for differences in the
ratios of FLV/CV and VV/CV. Depressed participants were found to have significantly
smaller FLV/CV and significantly larger VV/CV ratios. The pattern of decreased frontal lobe
volume in the depressed children was similar to that seen in depressed adults. These

findings indicate that this region might play a role in the pathogenesis of early onset

depression (Steingard et al., 1996).

Although there is relatively consistent evidence regarding the nature of structural deficits
associated with MDD, this latter study raises the question of whether the structural changes
seen in depressed individuals are causal factors in depressive illness? Certainly, both of the
review articles of structural imaging in affective disorders considered here suggest that, with
the exception of hippocampal volume, those cortical changes seen in depressed patients

disappear upon recovery. Moreover, the studies conducted by Shah are indicative of

persistent deficits only in those patients who experience chronic, treatment-resistant

depression, i.e. no persistent differences were noted between recovered patients and healthy
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controls. Based on these observations one could suggest that if such structural deficits only

persist during the course of an individual's depression then they may be a result of MDD,
rather than a causal factor. However, determining the nature of the relationship between

major depression and specific structural abnormalities is complex, and is reliant on the

provision of evidence of structural deficits preceding the onset of depression.

It has been noted that lesions in particular cortical regions as a result of stroke, for example,
can precipitate the onset of affective disorders. Indeed, epidemiological data from across the
world indicates that prevalence rates for MDD post-stroke are 19.3% among in-patients and
23.3% for outpatients (Robinson, 2003). Although some studies have failed to find a

significant association between lesion location and affective disorder, a recent meta-analysis
which examined the lesion location and time since the incidence of stroke found that in the 2

months following an acute stroke left frontal and left basal ganglia lesions were significantly
more frequent in those patients presenting with major depression ((i.e. Robinson, in press;

cited in Robinson, 2003). Similarly, another meta-analysis by Narushima and colleagues
found a significant correlation between the severity of depression in poststroke patients and
the proximity of the lesion to the frontal pole in patients with left hemisphere stroke

(Narushima, Rosier & Robinson, 2003). As with the previously presented findings, both of
these studies are indicative of structural deficits in frontal and striatal regions of cortex in

depressed individuals, which may be associated with the presentation of depressive

symptoms.

As there is a potential causal link between the regions of structural abnormality and

cognitive deficits in MDD, the presence of structural deficits in patients with major

depression is not only of concern in the affective presentation of depressed patients, but is
also of interest in understanding the model of cognitive dysfunction in MDD. However, it is
not sufficient to infer this sort of association in the absence of evidence to suggest that the

regions that show structural dysfunction in MDD and are indeed associated with cognitive

function in normal healthy adults are functionally abnormal in unipolar depression.

1.1.5.1.2 Functional deficits in depression

In addition to structural imaging studies, functional neuroimaging has also been used to

explore the pathophysiology of unipolar depression. Generally speaking there are two
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approaches to the non-invasive imaging of brain function: electrophysiological methods and

metabolic/vascular methods. Recent research into neural function in major depression has

focussed largely on the latter approach, using a range of metabolic imaging techniques such
as functional MRI (fMRI), positron emission tomography (PET), and single photon emission

computerised tomography (SPECT). Using these imaging methods, investigators have
conducted two general types of examination of brain function, i.e. 'resting state' and
'activation' studies. Resting state investigations are those studies that examine regions of
cortical activation while patients are inactive, or 'at rest'. Activation studies, on the other

hand, consider the pattern of activation during performance of a specific cognitive task. By

considering evidence from both approaches it is possible to determine an accurate model of
cortical function inmajor depression.

(Note: A summary of the observations from resting state and activation studies of brain
function associated with MDD considered for this review can be seen in Appendices 1C and

ID).

Resting state studies

Using either PET or SPECT in conjunction with a variety of different paradigm approaches,

resting state investigations of brain function have identified a number of regions of
abnormal cortical activation in studies of depressed patients. While some studies have

simply compared resting state activations in depressed patients and healthy controls, other
studies have considered the differences in function between individuals during depressed

episodes and periods of remission. There are also those investigations that have considered
the association between the performance of depressed patients on a given cognitive task and

resting state activation.

While there are studies of resting state blood flow that have implied a reduction in global
flow in depressed patients (e.g. Sackeim et al., 1990), there is evidence to suggest that the

profile of cognitive dysfunction in MDD is the result of more localised abnormalities.

Indeed, across investigations there appears to be evidence of a dysfunction in frontal
subcortical circuitry (Elliott, 1998). This assertion can be qualified by examining the

available evidence from the various research groups who have been involved in resting state

imaging studies ofMDD.
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Bench and colleagues, for example, employed PET to consider resting regional cerebral
blood flow (rCBF) in a sample of forty individuals with a diagnosis ofmajor depression, and

compared the acquired images to those of a group of matched healthy controls (i.e. Bench et

al., 1992; Bench et al., 1993). It was observed that in contrast to controls, depressed patients

exhibited a relative decrease in rCBF in the left anterior cingulate (AC) and left dorsolateral

prefrontal cortex (DLPFC). Patients also showed tendency towards decreased blood flow in

the left angular gyrus and increased blood flow in the left posterior cingulate cortex.

In addition to investigating the mean blood flow differences between patients and controls,
Bench also considered the relationship between the functional abnormalities associated with
MDD and symptom presentation. In order to do this the authors identified three factors of

interest, which had loadings for anxiety, psychomotor dysfunction, and cognitive

performance. It was found that anxiety was positively correlated with blood flow in the

posterior cingulate and the inferior parietal lobule bilaterally, whereas psychomotor
retardation correlated negatively with rCBF in the left hemisphere in DLPFC and the

angular gyrus. Furthermore, cognitive performance was correlated positively with the level
of blood flow in the left medial prefrontal cortex (Bench et al., 1992; Bench et al., 1993).

Therefore, these studies not only implied that there was an abnormal pattern of cortical
activation associated with MDD, but that specific abnormalities in regional blood flow may

be linked to specific aspects of depressive symptomology.

This pattern of cortical dysfunction has also been noted in other series of PET studies. The
Danish PET/depression project have also examined the association between

neuropsychological function and cerebral blood flow in major depression in a series of

investigations (e.g. Soares & Mann, 1997; Videbech et al., 2001; Videbech et al., 2002;

Ravnkilde et al., 2003). A series of studies by this research group have found a significant
increase in blood flow in the right hippocampus and the left cerebellum in depressed

patients, compared to controls, in conjunction with a trend towards increased in rCBF in the
left lateral occipito-temporal gyrus (Videbech et al., 2001). Moreover, further analysis of

resting state blood flow also revealed an increase in the AC gyrus and the basal ganglia in

patients with MDD (Videbech et al., 2002).

43



The Danish PET/depression project also extended their analyses in order to examine the

relationship between abnormalities in blood flow and cognitive function in depression (i.e.
Ravnkilde et al., 2003). In these studies, participants were asked to complete a battery of

neuropsychological assessments, which the experimenters then used to extract a set of

principal components: i.e. general ability; attention; verbal memory; visual memory;

language; and executive function. Multiple linear regression analyses were then used to

determine whether there was a correlation between these components and blood flow in

selected regions of interest. The only significant correlations between cognitive components

and blood flow for patients were for general ability (i.e. positive correlation with bilateral

hippocampal function) and executive function (i.e. positive correlation in right temporal
cortex and right AC). However, significant differences in correlations with blood flow
between patients and controls were noted for general ability (i.e. right orbitofrontal cortex
and bilateral hippocampus), attention (i.e. anterior cingulate), visual memory (i.e. left

posterior cingulate), and language (right prefrontal cortex). The authors concluded that the

cognitive deficits they had noted in the depressed sample were not associated with the rCBF
of the anatomical structures that were affected in this group, and therefore that cognitive

dysfunction in depression was not related to specific locations in the brain as with normal

cognition.

Other resting state studies have also found evidence of an association between measures of

cognition and resting blood flow. In two separate studies, Dolan and colleagues observed a

reduced rCBF in the DLPFC, bilaterally and the left AC in patients with depressive disorders

(i.e. Dolan et al., 1992; Dolan et al., 1993). Moreover, in the first of these investigations it was
found that cognitive impairment in depression was associated with decreased blood flow in
the left anterior medial PFC, in conjunction with increased blood flow in the cerebellar
vermis. This data appears to suggest that there is a pattern of functional abnormality that is

specific to the type of cognitive impairment observed in major depression. However, as

with the pattern of cognitive dysfunction in MDD it is possible that blood flow abnormalities

may not be specific to depression, but instead may reflect dysfunctions that are common to

other psychiatric disorders.

In an attempt to answer whether the rCBF abnormalities that had been documented in

studies of MDD were specific to depression or the type of cognitive dysfunction, Dolan
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compared the regional cerebral blood flow of depressed and schizophrenic individuals with
a deficit in psychomotor function, i.e. poverty of speech. It was found that psychomotor
retardation was associated with significantly lower rCBF in DLPFC, independent of

diagnosis (Dolan et al., 1993). Thus, implying that blood flow abnormalities may be
associated with the nature of cognitive dysfunction rather than depression per se.

Abnormalities in blood flow in major depression have not only been noted in frontal cortex,
there is also evidence to suggest striatal dysfunction in major depression. As already noted,
the Danish PET/depression project found evidence of increased blood flow in the basal

ganglia in depressed patients (Videbech et al., 2002). In addition to the findings of this
research group, an early study of frontal cortex and basal ganglia metabolism in affective
disorders found that unipolar depression was associated with a decreased metabolic rate in
the basal ganglia (Buchsbaum et al., 1986). Although, this observation should be treated

cautiously given the relatively small number of unipolar depressed patients who

participated in the study (i.e. N = 4). Nonetheless, there is additional evidence to suggest

striatal dysfunction in MDD. In a comparison of the relative blood flow in MDD and

obsessive-compulsive disorder (OCD), Saxena and colleagues found that a combined

diagnosis of MDD and OCD was associated with significantly lower metabolism in the
caudate than in OCD alone (Saxena et al., 2001). However, it is possible that in this

particular study dysfunction in cerebral blood flow may have been the result of a factor

resulting from the dual diagnosis, rather than a contributory factor ofMDD.

While there is considerable evidence of abnormalities in resting state blood flow in MDD, a

key factor in our understanding of the pathophysiology of depression is whether such
deficits are state or trait factors. In order to address this issue, some studies have

investigated resting rCBF in individuals who have recovered from depression. In a follow

up to their original investigations, Bench and colleagues identified and re-scanned twenty

five of the original sample of depressed patients who participated in the study and had

experienced clinical remission (Bench, Frackowiak & Dolan, 1995). The authors compared
recovered patients to samples of both depressed and healthy control participants. They
found that remission was associated with a significant increase in rCBF in the left DLPFC
and medial prefrontal cortex (PFC), including AC. Although there was a relative increase in
the blood flow in the angular gyrus the effect disappeared when depressed and recovered
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patients were matched for medication status. Therefore, this series of investigations implies
a level of frontal dysfunction in blood flow in the frontal cortex in MDD, which is associated

with symptom severity and appears to be state (rather than trait) related.

Tutus and colleagues also examined the effect of remission from major depression on

regional cerebral blood flow. Using SPECT, these authors examined the profile of blood
flow in unipolar (i.e. N = 10) and bipolar (i.e. N = 7) patients, who met the DSM-IV criteria

for a MDE, during depressed and remitted episodes. During depressed episodes unipolar

depressed patients showed a relative increase in rCBF in the left frontal cortex compared to

both bipolar and healthy controls subjects. However, these differences in cortical metabolism

disappeared upon remission. Thus, supporting the notion that resting state blood flow
abnormalities in MDD are a state, rather than trait, aspect of depressive illness (Tutus et al.,

1998). Yet, the differences between observed blood flow in unipolar and bipolar patients

suggests that these state abnormalities may be specific to episodes of major depression in
MDD only.

In summary, resting state studies of rCBF in MDD appear to consistently implicate a

significant dysfunction in blood flow in a number of frontal and striatal regions during

episodes of major depression. Thus, supporting the notion of impaired fronto-striatal

circuitry in major depression. Moreover, frontal dysfunction appears to most reliably noted
in areas which constitute the medial prefrontal cortex. This region has a number of primary

projections to other cortical regions, including striatal areas, which are involved in a number
of both affective and cognitive processes in normal healthy adults (Elliott, 1998: see Figure

1.2). Therefore, abnormal blood flow in the frontal lobes in depressed patients may be a

causal factor in dysfunction in fronto-striatal circuitry, and in the affective and cognitive

symptoms in MDD.

Although these abnormalities have been shown to correlate with cognitive dysfunction in

depression, there is evidence to suggest localised blood flow dysfunctions in MDD may not

be directly associated with specific aspects of cognition. Moreover, deficits in cerebral blood
flow may not be attributable to MDD but instead may reflect the presence of certain

symptoms of depression, which are common to other psychiatric illnesses. Finally, resting
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state studies support the theory that blood flow dysfunctions in MDD are a state aspect of
the disorder.

Figure 1.2: Elliott's (1998) model of the role of medial prefrontal cortex in the presentation of
symptoms in major depression.

■ Factors affecting resting state blood flow in major depression

Similar to the profile of cognitive dysfunction seen in MDD, there are a number of

potentially confounding factors that have been proposed to impact upon cerebral metabolic
rate in depressed patients. Common factors of interest in resting state studies of MDD have
included severity of depression (e.g. Mathew et al., 1980; Sackeim et al., 1990; Austin et al.,

1992; Tutus et al., 1998; Saxena et al., 2001; Videbech et al., 2001; Skaf et al., 2002; Videbech et

al., 2002) and medication status (e.g. Sackeim et al., 1990; Bench et al., 1992; Dolan et al., 1992;
Bench et al., 1993; Saxena et al., 2001; Videbech et al., 2001). Although there is reasonable

reliability in the regions of abnormal blood flow associated with depression identified across

studies, the confounding effect of such factors is not consistently evident.

In two separate investigations using 133Xenon inhalation it was found that brain metabolism
was associated with severity of depression, as measured using the HRSD (i.e. Mathew et al.,

1980; Sackeim et al., 1990). The first of these investigations noted a significant inverse
correlation between HRSD score and rCBF values in a sample of depressed patients.

Furthermore, the latter study found that the extent of topographic abnormality in depressed

participants was significantly associated with severity of depression.
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A similar pattern of results has been noted in other studies of resting state blood flow in

depression. For example, in a PET investigation of brain metabolism in MDD, Saxena found
that HRSD score was negatively correlated with rCBF in the hippocampus and amygdala

(Saxena et al., 2001). Whereas, Skaf and colleagues noted that severity of depression was

associated with metabolic rate in the right dorsal AC (Skaf et al., 2002).

However, not all studies have found evidence of an association between the severity of

depression and measures of cerebral metabolism. There are both SPECT and PET
examinations of blood flow in depression which have failed to find any significant

relationship between severity of depression and metabolic rate (e.g. Tutus et al., 1998;
Videbech et al., 2001).

A number of resting state studies that have considered medication status appear to support

the notion that medication is unimportant in resting blood flow in depressed patients.
Bench concluded that there were no significant differences between medicated and
unmedicated patients in global blood flow or in blood flow in those regions that had been
identified as being significantly associated with major depression (Bench et al., 1992; Bench
et al., 1993). However, they did note a trend towards a relative decrease in flow in the
medicated group in the right inferior frontal lobe. Similarly, irrespective of presence of

cognitive impairment, Dolan also noted that medication status had no effect on resting blood
flow in depressed patients (Dolan et al., 1992).

Activation studies

Resting state studies have been, and still are, important in the provision of information
relevant to the understanding of the pathogenesis of cognitive dysfunction in depression.

Nonetheless, the inference of a causal link between cognitive and metabolic abnormalities in
such studies may be flawed as a result of the fact that measures of cognition and blood flow
are not made simultaneously. While these factors may be correlated it is possible that the

changes in blood flow reflect some changes in another, possibly unknown or unrelated,
factor. Functional activation approaches to neuroimaging partially resolve this issue.

Although there is still the possibility of the confounding effect of some unknown factor, the
fact that measures of cognitive performance and brain metabolism are made at the same
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time allows for more accurate temporal and spatial localisation of regions of activation
associated with specific cognitive profiles.

Functional activation studies of depression have mainly used either PET or blood

oxygenation level dependent (BOLD) functional MRI to examine cortical activation during
the performance of cognitive measures. Despite the variety of cognitive dysfunctions that
have been noted in patients with major depression, the majority of studies appear to have
focussed on tasks that are likely to be reliant on those areas of cortex thought to be

functionally abnormal inMDD, such as measures of executive function and verbal fluency.

* Functional neuroimaging of verbal fluency
There have been two recent neuroimaging investigations of verbal fluency in MDD. The
first of these two studies (i.e. Okada et al., 2003) employed BOLD fMRI to assess cortical
activation during performance of a standard measure of verbal fluency. Depressed
individuals were found to be significantly impaired upon the verbal fluency task, compared
to healthy controls, in terms of the number of words generated. The effect of participant

group was also apparent in the level of cortical activation seen in participants, i.e. activation
in the left PFC was severely attenuated in the depressed patients compared to controls.

The second of these investigations (i.e. Videbech et al., 2003) also found an impairment of
verbal fluency associated with major depression. However, the researchers involved in this

study failed to find any significant differences in regions of cortical activation between

patients and normal controls. Both groups activated a network of regions encompassing the
left AC, left DLPFC, left medial PFC, and right cerebellum during performance of the task,

yet there was no significant difference in the level of activation of these regions between

experimental groups.

This latter investigation contrasts significantly with the observations of resting state studies,
which have shown significant abnormalities in these regions in samples of depressed

patients compared to normal controls. Assuming that the evidence from resting-state
studies is reliable, then there are a number of explanations for the lack of a significant
difference in this study. For example, there may be differences between the pattern and

magnitude of cortical activation in patients and controls but they may be too small to detect,
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or they may be masked by the contribution of individual differences in either experimental

group. Alternatively, it may be the case that under situations of sufficient difficulty patients
are able to increase the level of activation of regions of cortex necessary to perform the task
at hand.

■ Functional neuroimaging of executive function
There are a variety of neuroimaging studies of MDD that have examined brain metabolism

associated with the performance of a range of measures of executive function, including

planning, set-shifting, response inhibition, and working memory (i.e. both verbal and

spatial).

Elliott and colleagues investigated cortical metabolism associated with a test of planning (i.e.

the TOL task) using PET, in two separate investigations (i.e. Elliott et al., 1997; Elliott et al.,

1998). In the first of these investigations depressed patients were found to be significantly

impaired on the TOL task in terms of accuracy, but not reaction time, compared to a group

of matched healthy controls. In addition, the increase in difficulty experienced by patients
was disproportionate to task difficulty. The differences in behavioural performance in this

study were reflected in significant differences between depressed patients and control

participants in rCBF. During task performance controls engaged a network of PFC, AC,

posterior cortical areas and subcortical structures (including the striatum). Patients, on the
other hand, failed to show significant activation in both the cingulate and the striatum.

Additionally, activation in other prefrontal and posterior regions was severely attenuated in

patients, relative to controls. Moreover, patients did not exhibit the augmentation of
activation in the caudate nucleus, and right PFC that was associated with increased task

difficulty in control participants.

In the second of these two investigations the authors again examined TOL performance

during PET scanning. However, this time the experimental procedure was altered to include
a 'guessing' task. Both tasks were administered under three different experimental feedback

conditions, i.e. positive, negative, and neutral. Patients' overall accuracy was significantly
lower than controls, and both groups performed worse in the negative feedback condition
than in the positive condition. However, under neutral feedback conditions the performance
of controls was most similar to the positive condition, whereas the patients performance
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profiles was more akin to performance in the negative condition. In addition to these
behavioural differences, these experimental manipulations resulted in significant differences
in rCBF between patients and controls in the medial caudate and the ventromedial
orbitofrontal cortex. Moreover, activity in depressed patients was lower overall, and they
failed to show the differential response to the different feedback conditions that was noted in
the control group. Therefore, the results of both investigations by Elliott and colleagues

support the notion of impaired frontal and striatal function in MDD, and are indicative of an
association between fronto-striatal dysfunction and impairments on measures of planning

ability.

It was previously noted in this review that some researchers have observed differences in
the performance of depressed patients and normal controls on measures of attentional set-

shifting, such as the WCST. However, not all studies have found dysfunction on this
measure in MDD. Moreover, in those studies that have failed to find a depression associated
deficit on the WCST there also appears to be a lack of metabolic differences between

depressed patients and healthy controls. In an investigation of proposed 'hypofrontality' in

schizophrenia and depression, Berman examined the relative performance of depressed and

schizophrenic patients, and healthy controls on the WCST, during functional neuroimaging

(i.e. 133Xenon inhalation). In this investigation the performance of patients did not differ

significantly from controls on any parameter of the task. Accordingly, there were no

significant differences in either global or regional flow between patients and controls

(Berman et al., 1993). Although this observation is in contradiction to both cognitive and

neuroimaging studies of MDD, it is possible that the relatively small number of depressed

patients (i.e. N = 10) had an effect on the statistical power of this study, and, therefore, may
have impacted upon the findings.

Another example of executive function that has been studied in functional neuroimaging

investigations of MDD is 'response inhibition'. Kaiser and colleagues investigated this

particular cognitive function using an auditory 'Go'/'No-go' task. In contrast to the other
studies mentioned in this review, this particular investigation involved electrophysiological

neuroimaging method, i.e. high-resolution electroencephalography (EEG). The authors
found that while there was no difference between depressed patients and controls on the
'Go' task conditions, patients were impaired on the 'No-go' conditions. Thus, the
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behavioural findings were indicative of impairment in response inhibition in MDD. This

impairment was accompanied by a reduction in the early fronto-temporal positivity in the
N2 time window, which was associated with performance of the 'No-go' task in controls.

Therefore, the results of this study are suggestive of a dysfunctional activation of the
network that normally subserves executive control (Kaiser et al., 2003).

Data relating to the functional neuroimaging of working memory in MDD is of particular
relevance to the current series of investigations. There are two studies that have specifically
considered WM function in major depression. Firstly, a study by Barch and colleagues
examined the performance of depressed, schizophrenic, and healthy controls on a 2-back

working memory task, during acquisition of BOLD fMRI sequences (Barch et al., 2003).

Whereas, Pelsoi compared the performance of individuals with MDD and healthy controls
on the Sternberg working memory task (Sternberg, 1966) during EEG (Pelosi et al., 2000).

In the latter of these two studies, Pelsoi found that depressed patients made significantly
more mistakes as the memory load of the task was increased from one item to five items,

compared to controls. In addition, there were significant differences in the response patterns

of event-related potentials (ERP's) of patients and controls. The abnormalities that were
noted by the authors were suggestive of abnormal sensory/perceptual processing in MDD,

which the authors inferred was the result of deficits in selective attention mechanisms.

Moreover, the nature of ERP dysfunction seen in depressed patients was indicative of

compensatory mechanisms or a dysfunction of inhibitory systems. Given that the types of
abnormalities seen in patients were sensitive to memory load, the researchers suggested that

theymight reflect alterations ofmemory related processes.

Barch and colleagues, on the other hand, investigated both verbal and visual working

memory function by using both words and faces as stimulus items on a 2-back variation of

the n-back paradigm. The authors found that depressed patients were unimpaired on both
verbal and visual versions of thisWM task, compared to controls. However, despite the lack
of behavioural differences on these measures, controls demonstrated significantly higher
activation than depressed patients in bilateral thalamus, right precentral gyrus, and right

parietal cortex in response to both experimental conditions. While controls showed task
related activation for words, but not faces, in the right middle-temporal gyrus and right
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superior frontal gyrus, patients exhibited the opposite pattern of activation. Therefore,

although the results of this study are indicative of sparing of both verbal and visual working

memory in MDD, there is evidence of depression related dysfunction in regions of cortex
associated withWM function in normal healthy adults (see section 1.2).

Executive dysfunctions in depressed patients have also been observed on measures of
sustained attention. Kimbrell recently studied brain activation associated with sustained

attention in MDD using fluorine-18-deoxy-glucose (18FDG) PET, in a sample of depressed

patients whose diagnoses ranged from euthymic to severely depressed. Depressed patients
and healthy controls both completed an auditory continuous performance test. Although

patient's performance was similar to controls on measures of accuracy, depression was

associated with slower reaction times. It was observed that severely depressed patients

showed a decrease in regional cerebral glucose metabolism (rCRMglu) in the right

hemisphere in PFC and paralimbic/amygdala regions, and bilaterally in the insula and

temporoparietal cortex (i.e. rCRMglu right hemisphere > left). Furthermore, they also
exhibited increased metabolic activity bilaterally in the cerebellum, lingula/cuneus, and
brain stem. However, given the lack of significant group differences in accuracy measures, it

is possible that the differences in glucose metabolism are simply a reflection of differences in

psychomotor function (Kimbrell et al., 2002). Alternatively, the lack of significant
behavioural differences between patients and control may be the result of the inclusion of

patients with lower levels of depression in the analysis. Regional metabolic differences
associated with performance on this measure may be attributable to a dysfunction of
sustained attention that is related to the severity of depression.

In summary, functional neuroimaging studies of major depression for the most part appear

to support the notion of a profile of cognitive dysfunction similar to that seen in the studies
of cognition only. There is also considerable evidence to suggest that to some extent

individuals with major depression are significantly impaired on a range of cognitive tasks,
which may be the manifestation of a dysfunction in the central executive component of

working memory. Furthermore, evidence from both structural and functional neuroimaging
studies of MDD is indicative of abnormalities in the fronto-striatal system. Certainly, there
is a striking pattern of prefrontal dysfunction associated with MDD, even in those studies
that failed to find significant behavioural differences between depressed patients and
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matched healthy controls. Indeed, such dysfunctions may underlie deficits in the allocation
of processing resources. However, in order to qualify this assertion we need to examine
current thinking regarding models of working memory and the pattern of cortical function
that supports normal working memory. This shall be the focus of the following section of
this review.
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1.2 Working Memory
1.2.1 The structure of human memory

The basic requirements of the system human memory are the encoding, storage, and
retrieval of information. It has been proposed that in order to perform these functions

effectively the human memory system must consist of a sensory register, a short-term store,

and a long-term store (see Figure 1.3).

Figure 1.3: Schematic representation of the model of human memory as proposed by
Atkinson and Shiffrin (1968; adapted from Baddeley, 1995).

The standard theory of human information processing (i.e. Atkinson & Shiffrin, 1968) states
that information from the sensory modalities is received and temporarily stored in the

sensory register. Information that is attended to is then transferred to the short-term store,

where it is temporarily maintained prior to appropriate response, information loss, or
transfer to the more permanent long-term store. Information is encoded into long-term

memory by means of rehearsal, such as maintenance or elaborative rehearsal. Output from
this system is mediated by the short-term store. Therefore, there must be a reciprocal
transfer of information between short-term and long-term memory. Although this model of

memory has proven extremely popular, certain shortcomings regarding the description of
short-term memory in such a system have been suggested.

There have been numerous models of short-term memory that are consistent with the
Atkinson and Shiffrin model of memory, and which inevitably share certain characteristics.
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Such models of STM propose a system of limited storage and processing capacity, in which
verbal memory span is heavily reliant on the capacity of STM. Moreover, traditional

explanations of short-term memory imply a relatively passive form of information storage.

However, it is apparent that this type of STS would not be capable of performing the variety
of cognitive tasks that are evident in the observation of everyday information processing in

humans. Indeed, it has been noted that the degree of interference experienced during dual
task performance paradigms, compared to the performance of individual tasks, is not as

acute as would be predicted by the original model of STM (Baddeley, 1999). Therefore,

Baddeley proposed that the demands placed upon a short-term storage system required a

more dynamic type of processing, such that a number of separate pieces of information
could be held online at any one time and could be interrelated with information from both
the STS and the LTS (Baddeley & Hitch, 1974). He described this type of short-term memory

as 'working memory'.

1.2.2 Baddeley & Hitch model of working memory

As opposed to the passive 'buffer' storage system characterised by models of 'short-term

memory', accounts of working memory attempt to characterise the more active nature of the
human information processing (Newell, 1973). 'Working memory' refers to a cognitive

system that provides temporary storage and manipulation of the information necessary to

undertake complex cognitive tasks (Baddeley, 1992). Baddeley and Hitch (1974) proposed a

model of working memory system that is characterised by an attentional control system, i.e.
the 'central executive', which is subserved by two 'slave systems', i.e. the visuospatial

sketchpad and the phonological loop (see Figure 1.4).

Central Executive

Visuospatial sketchpad Phonological loop

Figure 1.4: Schematic representation of the Baddeley & Hitch (1974) model of working
memory.

The central executive is proposed to be a limited-capacity attentional system, which controls
information transfer to and from the visuospatial sketchpad and phonological loop.
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Moreover, it has responsibility for the association of these slave systems with the long-term

memory store. Resultantly, the central executive is the most complicated aspect of the

working memory system, and as such is probably the least understood (Baddeley, 1999).

However, there is evidence to suggest that the capacity of the central executive, as assessed

using measures of working memory span, is significantly correlated with an individual's

comprehension capacity and with traditional measures of general intelligence.

The phonological loop, on the other hand, is involved in the processing of verbal
information and, therefore, is comprised of a temporary store and a process for the rehearsal
of verbal information. There is experimental evidence to support this notion of the role of
the phonological loop. For example, a temporary store for verbal information is evidenced

by the 'acoustic similarity effect' and the disruptive effect of task irrelevant spoken material
on the recall of visually presented stimulus items. The acoustic similarity effect refers to the

tendency for participant's errors to be phonologically similar to the correct stimulus item
and for sequences of acoustically similar stimuli to be more difficult to recall in the same

order than dissimilar items (Baddeley 1966: cited in Baddeley, 1999). Whereas, the latter
effect has been noted in instances of the presentation of spoken material in both native and

non-native language, but not using meaningless noise. Therefore, suggesting that the effect
is related to sound rather than meaning, but is not just the result of distraction (Salame &

Baddeley, 1982).

In addition, support for the presence of a phonological rehearsal process comes from

experimental evidence of the 'word length effect'. It has been noted that in word recall tasks
the greater the length of the words to be remembered the lower the average number of
words recalled by participants (Baddeley, Thomson & Buchanan, 1975). If participants are

prevented from engaging in subvocal rehearsal of the words, e.g. using articulatory

suppression, then this effect disappears. Thus, indicating that this type of rehearsal process
is an essential component of the temporary storage of verbal material.

It has been postulated that the visuospatial sketchpad is involved in the manipulation and
maintenance of visual information. Evidence for these distinctions in the visuospatial

sketchpad has come from studies of 'mental rotation'. In such tasks participants are

presented with two visual stimulus items that have different orientations, and are asked to
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decide whether the image are depictions of the same stimulus item. It has been suggested
that participants complete this task by creating a visual image of the original stimulus item
and mentally rotating this image to the match the orientation of the second item, and then

making a decision regarding stimulus similarity. Indeed, the available evidence suggests

that the time taken to make this decision is positively correlated with the extent of rotation in
real space. Consequently, this sort of information processing must be reliant on the

temporary storage and active manipulation of visual stimulus items, which corresponds to

the account of visuospatial function in the Baddeley and Hitch model ofWM.

Although there is abundant experimental support for the Baddeley and Hitch model of

working memory, it has been noted that the original model could not fully account for the
functions of an appropriate short-term store. Therefore, Baddeley proposed that a forth

component be included in the model, i.e. an episodic buffer (Baddeley, 2000: see Figure 1.5).
He suggested that the episodic buffer was a limited capacity storage system, which was

capable of bringing together information from the other subsidiary systems and the long-
term store, in order to provide a unitary episodic representation in short-term memory.

The Baddeley and Hitch model of working memory function has proven to be very popular,
and the distinctions it makes appear to be supported by the behavioural evidence from
normal adult participants. However, it is also important to determine whether the
distinctions made in this model between the various cognitive components of the working

memory system are reflected in the underlying biological systems. Indeed, studies of

working memory impairments associated with specific hereditary disorders, such as

William's and Down's syndromes, are indicative of a functional separability of the

processing of visual and verbal information in the short-term (e.g. Jarrold, Baddeley &

Hewes, 1999 and Wang & Bellugi, 1994). Both of these studies found evidence of

significantly better verbal processing in William's syndrome patients, compared to Down's

syndrome. Conversely, participant's with Down's syndrome performed significantly better
on visuospatial short-term tasks. It was proposed that William's syndrome was associated
with a specific dysfunction in the visuospatial sketchpad. Whereas, Down's syndrome

individuals had an apparent deficit in the phonological loop, with relative sparing of

visuospatial functions. Thus, these studies both observed pattern of results that support the
idea of separate verbal and visual short-term memory stores.
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Figure 1.5: Schematic representation of the revised model of human working memory
(adapted from Baddeley, 2000).

Although genetic studies do support the propositions of the above model of working

memory, regarding the functional separability of the verbal and spatial short-term memory

they do not elucidate as to the underlying mechanisms of the subcomponents of this system.

However, examination of functional neuroimaging studies of working memory in healthy

populations has not only revealed evidence relating to the separability of mechanisms of
verbal and spatial short-term stores, but has allowed for investigation of the regions of
cortical activation relating to the individual components of the working memory system.

1.2.3 Neuroimaging studies of working memory

There are numerous approaches to paradigm design in functional neuroimaging, including

'subtraction', 'parametric', 'factorial', and 'conjunction' approaches (see Chapter 2 for further

details). However, studies of cortical activation associated with the performance of working

memory tasks have largely utilised subtraction or parametric variations of three main types

of working memory task: delayed response; n-back; and self-ordered tasks. The nature of

working memory can be clarified by considering the contributions of each of these different

approaches to the understanding of working memory function in normal populations.

(Note: A summary of those original articles considered for this section can be seen in

Appendix IE).

1.2.3.1 Subtraction studies of functional activation associated with working memory

Smith & Jonides examined the neural correlates of verbal, spatial, and object memory in a

series of PET studies that used subtraction paradigms (i.e. Jonides et al., 1993; Smith &

Jonides, 1994; Awh et al., 1996). The same basic DMTS paradigm was used in each of these
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experiments to investigate the proposed distinctions in the working memory system. In the

experimental condition of each study participants were asked to recall whether a probe-

recognition item has previously appeared in a set of target items, i.e. either verbal (letters),

spatial (dots) or object. Both global and regional blood flow under these conditions were

compared to the pattern of cortical metabolism under a control condition, in which the target
and probe information were presented simultaneously.

At a global level, the authors noted that all of the significant regions of activation in the

spatial working memory conditions were in the right hemisphere (RH). On the other hand,

performance of the verbal task was associated with activation in the left hemisphere (LH).

Thus, global analysis implied a double dissociation in brain metabolism associated with

performance of verbal and spatial working memory tasks. In order to expand upon these

results, the experimenters examined regional changes in blood flow associated with the

performance of each type of task.

The spatial task was found to be associated with activation in the right posterior parietal and
anterior occipital cortices. Both of these areas have previously been identified as being
involved in spatial processing/memory and the maintenance of visual images, respectively

(Smith & Jonides, 1997). Moreover, spatial WM was also associated with activation in two

frontal regions in the left hemisphere. However, the role of these regions was less clear. The
authors suggested that this activation might have been involved a rehearsal process, similar
to the subvocal rehearsal of information in the phonological loop.

Analysis of the regional changes in blood flow during performance of the verbal task
revealed four LH regions of significant change, i.e. two frontal regions that included Broca's

area, supplementary motor and premotor areas, and two regions in the posterior parietal
cortex. The frontal activations occurred in regions that have previously been shown to be
involved in higher-level speech processes (Fuster 1995; cited in Smith & Jonides, 1997).

Therefore, it was suggested these regions might be involved in the subvocal rehearsal of
verbal information. Posterior parietal cortex, on the other hand, has been suggested to play
a role in the storage of verbal material. Patients with damage to this area have been noted to

experience deficits in memory span for verbal material (Shallice 1988; cited in Smith &

Jonides, 1997). Thus, this region is a possible location for the phonological store.
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Between conditions comparisons were also conducted in order to determine the differences
in activation between object and spatial conditions, and between object and verbal

conditions. There was evidence of a double dissociation between global activation
associated with object task performance and activation for spatial tasks, i.e. global analysis
revealed that the majority of regions (i.e. 3 of 4) during performance of the object task were
in the left hemisphere. The regional analysis demonstrated that the object task had resulted
in activation in the same premotor and posterior parietal regions that were activated by the
verbal task. A unique activation was also seen in the inferotemporal cortex - an area that is
believed to be involved in object recognition. It was proposed that the activation seen in the
left posterior parietal cortex might have been associated with participants creating a verbal

description of the objects for the purpose of item rehearsal. Despite the similarities between
the object and verbal conditions there was still dissociation in the global activation between
these two task types. More specifically, inferotemporal activation was specific to the object
task and some of the frontal activations were unique to verbal conditions.

Based on these observations, Smith and Jonides proposed that there was evidence of
functional separability of the components of human working memory. Taking this into

account, in a review of their neuroimaging studies of working memory they suggested an

amended model of working memory, and included details of the regions they believed were

integral to the normal functioning of this type of short-term memory system (see Figure 1.6;

Smith & Jonides, 1997).

There are also other investigations which support the notion of a spatial dissociation in

regions of significant change in brain metabolism associated with different subtypes of

working memory. D'Esposito and colleagues conducted a review of functional

neuroimaging studies of spatial and nonspatial (i.e. verbal and object) working memory.

The authors considered evidence of significant signal change from twenty different

neuroimaging studies. Examination of locations of lateral prefrontal activation revealed that
the activation associated with the performance of both spatial and nonspatial tasks was

evenly distributed throughout the lateral PFC, i.e. there was no dorsal/ventral dissociation
between different task types. However, there was evidence of hemispheric specialisation
associated with working memory function. Spatial tasks were associated with greater
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activation in the right PFC, whereas nonspatial tasks generated greater left hemisphere

activation in PFC (D'Esposito et al., 1998).
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Figure 1.6: Graphic representation of Smith & Jonides' proposed model of cortical regions
supporting working memory function (adapted from Smith & Jonides, 1999). This schematic

representation of the processes involved in working memory and the regions of cortical
activation resulting from the presentation of stimulus information in the visual modality. Note:
Block arrows indicate region(s) of associated activation tor specific components of the WM

system.

Paulesu, Frith, and Frackowiak (1993) also investigated the spatial dissociation of the

regional activations associated with different working memory processes with respect to

verbal working memory. Participants in this study were asked to undertake two different
tasks: short-term memory for letters and rhyming judgement for letters. It was proposed
that the former task would only engage the short-term store, whereas the latter would be
reliant on the subvocal rehearsal system. Therefore, the authors suggested that by

measuring the relative activity generated by each of these tasks it should be possible to

determine the cortical areas supporting each of these processes. Analysis of PET acquired

imaging data revealed that phonological processing was associated with significant
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activation bilaterally in BA 44, superior temporal gyri (BA 22/42), supramarginal gyri (BA

40) and insulae. The authors suggested that this arrangement of regions comprises the
functional anatomy of the phonological loop. Moreover, an attempt to identify those regions
associated with specific phonological functions implied that the supramarginal gyrus (BA

40) was the primary location for the phonological store, and that Broca's area (LH; BA 44)

was essential for subvocal rehearsal. Significant activations were also noted in the

supplementary motor area (SMA) and cerebellum, and possibly the sensory-motor areas.

However, it is possible that these additional activations were related to the activation of a
network associated with language planning and execution (Paulesu, Frith & Frackowiak,

1993).

In addition to the highlighted frontal and parietal activations, working memory function has
also been linked to activation in the anterior cingulate, occipital cortex, and the cerebellum

(Cabeza & Nyberg, 2000). Indeed, changes in the degree of activation in the anterior

cingulate (BA 32) have regularly been noted in studies of working memory. However, there
is evidence to suggest that such activations may not reflect specific working memory

processes, but instead may reflect the degree of difficulty of the task. Barch and colleagues
studied the performance of neurologically normal participants on the continuous

performance test (CPT; Rosvold et al., 1956). Demand on working memory was varied on

this task by varying the delay time between the cue and the probe on this task, whereas

presenting either degraded or non-degraded stimulus items altered task difficulty. Regions
that showed an effect of delay on activation included the left middle frontal gyrus

(corresponding to DLFPC, the left inferior frontal gyrus (BA 44), and the left posterior

parietal lobule. None of these regions showed an activation response to the changes in task

difficulty. However, a number of regions did show a response in activation as a result of

manipulation of task difficulty, including the anterior cingulate, right inferior frontal cortex,
and a subcortical region. The effect seen in these regions was greatest in the anterior

cingulate (Barch et al., 1997). Thus, supporting the proposed role of AC activation in the
mediation of responses to the manipulation of task difficulty.

Therefore, it appears that there is a hemispheric dissociation in cortical activation during

performance of different types of working memory task: spatial/left hemisphere and

nonspatial/right hemisphere. There is also evidence to suggest that specific regions, or
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assemblies of regions, support specific processes in the working memory system. Moreover,

there appears to be dissociation between those regions of cortex that are associated with the
level of difficulty of certain working memory tasks and those which are associated with the

processes of working memory. However, an additional factor yet to be considered is the
effect of cognitive load on the working memory system.

1.2.3.2 Parametric investigations of functional activation associated with working memory

A number of the studies already mentioned have relied on subtraction paradigms in order to
make inferences about the functional neuroanatomy of human working memory. While
such investigations have inevitably been useful in developing our understanding of working

memory and its underlying processes there are complications that are intrinsic to this type of

approach. The most obvious of which is the problem of 'pure insertion' (see Sternberg,

1969). In such paradigms the determination of the pattern of activation associated with a

specific process is reliant on the assumption that the two chosen tasks (i.e. the experimental
task and the control task) differ only in the inclusion of the process of interest, and that
inclusion of this process does not impact upon other aspect of information processing.

However, it is reasonable to assume that the inclusion of the process of interest may have a

noticeable effect on the execution of other processes necessary for the successful completion
of a given task. Moreover, it may rely on the implication of supplementary processes not

required the control task.

One potential way to address this issue is to instead employ a single behavioural measure
that can be varied around a single parameter, i.e. parametric paradigms. The use of

parametric measures allows the experimenter to keep all other cognitive factors constant

while incrementally increasing (or decreasing) the level of difficulty of the process of
interest. This approach has been of particular use in the functional neuroimaging studies of

working memory as it has enabled investigators to determine not only those regions that

may be associated with the verbal or spatial aspects of WM but to ascertain cortical regions
that correspond to central executive function, i.e. those regions which respond to alterations
in cognitive load.

Many investigators have employed variations on a parametric working memory task known
as the 'n-back' task in order to investigate both verbal (e.g. Cohen et al., 1994; Schumacher et
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al., 1996; Braver et al., 1997; Cohen et al., 1997; Manoach et al., 1997; D'Esposito et al., 1998;
Ye et al., 1998; Isoardi et al., 1999; LaBar et al., 1999; Rypma et al., 1999; Honey, Bullmore &

Sharma, 2000; Nystrom et al., 2000; Glabus et al., 2003) and spatial (e.g. Casey et al., 1998;

D'Esposito et al., 1998; Callicott et al., 1999; Thomas et al., 1999; Jansma et al., 2000; Nystrom
et al., 2000; Postle et al., 2000) working memory systems. This paradigm has been developed
from a task that was originally used in an EEG investigation of the spatiotemporal dynamics
of human working memory (i.e. Gevins & Cutillo, 1993). Normally the task is presented as a

delayed match-to-sample task, in which participants are presented with a series of visual

arrays (either spatial or nonspatial). The level of difficulty of the n-back task is then

manipulated by altering the number of intervening arrays between presentation of the items
to be recalled and the probe for recall of the items. Commonly, difficulty is varied around
four levels of this parameter, i.e. 0-, 1-, 2-, and 3-back. In 0-back conditions participants

simply have to respond to the current stimulus items. However, in 1-back conditions they
are required to respond to the items that appeared in the previous array. Similarly, in 2- and
3-back conditions there are 2 and 3 intervening stimulus arrays between encoding and

response, respectively.

Performance on the n-back task can be measured on two factors, i.e. accuracy and reaction
time. It has been observed that as the level of task difficulty is increased (i.e. from 0-to 3-

back) there is a corresponding decline in participant's accuracy, and an increase in reaction
time (e.g. Braver et al., 1997; Callicott et al., 1999; Jansma et al., 2000). Indeed, reaction time
has been highlighted as a measure that is sensitive to manipulations of memory load

(Baddeley, 1986). Therefore, it can be predicted that the changes in cortical activation that

accompany the increase in n-back, and thus the increase in memory load, will be associated
with a decline in the performance of participants.

The n-back task has proven popular with researchers examining the functional anatomy of

working memory for a number of reasons. Primarily, variations on the task have produced
robust findings regarding the functional underpinnings of WM (e.g. Casey et al., 1998).

Moreover, it is reasonably easy to manipulate the task around a number of factors while still

retaining the essential components that contribute to its reliability. Experimenters have

designed both verbal and spatial variants and the paradigm can be altered to assess either

recognition or recall ability. Moreover, the level of difficulty of the task can be easily altered
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in order to bring about changes in cognitive load. The ease with which this task can be

adapted for the needs of a single study, or series of studies, makes it particularly amenable
to the understanding of the processes of working memory not only in normal participants

but also in clinical populations.

Verbal working memory

Neuroimaging studies that have used variants of the n-back task to investigate working

memory have largely concerned themselves with the neural correlates of the increase in task

difficulty (see Figure 1.7). Braver and colleagues conducted two fMRI investigations of
verbal WM across 0- to 3-back levels of n-back (Braver et al., 1997). The variations of the task

that they employed in the two studies were essentially the same, although the paradigm
used in the second study comprised shorter block durations and included fewer trials of
each level of the task. In their first study they noted a linear change in the degree of
activation in the middle frontal gyrus (MFG; BA 46/9) bilaterally, the left inferior frontal

gyrus (LIFG; BA 44/45), the anterior cingulate (BA 32), and a more anterior inferior site (BA

47/10). However, planned comparisons revealed monotonic changes in activation associated

with increased task difficulty in MFG and LIFG only. In both instances there was a linear

relationship between signal and load. Moreover, they noted similar findings in their

analysis of the relationship between RT and signal change.

The results of the second study by this group for the most part replicated the findings of the
first. However, in this instance load-sensitive activity was additionally observed in the right

homologue of LIFG (BA 44), left frontal operculum, and a number of motor, premotor, and

supplementary motor regions (BA 4 & 6). Additionally, non-frontal activity was noted in

bilateral posterior parietal cortex (BA 40/7) and the left caudate nucleus.

The load-dependent activity of these cortical regions has been observed in other studies that
have also employed verbal variations of the n-back task. For example, in an fMRI

investigation of the effects of both time and load on activation, Cohen and colleagues also
noted a significant effect of memory load in DLPFC (Cohen et al., 1997). Moreover, areas of

posterior parietal cortex (BA 40) and in posterior regions of frontal cortex (including Broca's

area) were also found to be sensitive to the effects of load, but also co-occurred with regions

that were sensitive to the effects of time and load. This study also noted significant effects of
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time, but not load, in visual, motor, and somatosensory cortex. While the pattern of results
in this study is similar to that seen in the Braver study, the effect of load on PFC in this case

appeared as a step function rather than a monotonic linear increase across all levels of the

task, i.e. the primary increase in activation occurred between the 1- and 2-back levels of the
task.

Figure 1.7: Diagram of regions of cortex exhibiting load dependent activity during
performance of parametric working memory tasks - lateral view. The numbers on each

cortical section correspond to Brodmann areas. Note: The choice of colour of each of the
relevant sections is unimportant. A range of colours has been used in order to highlight the

structural distinction between the various regions involved in load-dependent activity.

The relative effects of time and load on the pattern of cortical activation were also noted in a

PET investigation of verbal n-back performance, conducted by Smith and Jonides (i.e.

Jonides et al., 1997). This study observed a pattern of results that indicated that as the level
of difficulty of n-back was increased there was an apparent increase in the number of
activated regions, including DLPFC. However, further analysis revealed that the same

regions were active across all levels of the task (i.e. 0- to 3-back), but that at lower levels of
the task the signal intensity in the activated regions was below threshold. Linear increases
in activation with increasing memory load were noted in the bilateral cerebellum, bilateral
DLPFC (LH: BA 46/10, RH: 9/10/46), Broca's area, right superior parietal cortex (BA 7), right

premotor cortex (BA 6), and a region comprising the left premotor area and the anterior
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cingulate (BA 6/32). As in the Cohen study, activation in the visual, motor and

somatosensory cortex was significant but not associated with memory load per se.

Thus, the available evidence indicates that the regions of cortical activation associated with

verbal working memory processes in subtraction studies also exhibit significant changes in

signal intensity under parametric paradigm conditions. Moreover, regions within the

proposed cortical assembly supporting verbal WM show monotonic, or at least linear,

changes in activations with relative increases in memory load. A similar pattern of results
has also been noted in parametric studies of regional activations associated with spatial

working memory.

Spatial working memory

In an parametric study of spatial working memory, Callicott and colleagues noted load-
sensitive responses in a distributed network of regions that included DLFPC (BA 9-10/44-46),

premotor cortex (BA 6/8), the basal ganglia and thalamus, parietal cortex (BA 7/39-40), and in
a pericingulate regions comprising the medial frontal gyrus (BA 6) and the anterior cingulate

(BA 32). Moreover, there was evidence of significant laterality in the regions of activation
associated with memory load. The number of significant foci of activation in DLPFC was

greater in the right hemisphere, compared to the left, and included both dorsal (BA 9/46) and
ventral (BA 6/8 areas). Interestingly, the authors also observed that the signal change in
DLPFC loci evinced a U-shaped response to the linear increase in task difficulty. It was

suggested that this pattern of activation was evidence of a capacity-constrained response.

This proposal was additionally supported by the observed predictive value of DLPFC
activation and performance within capacity (i.e. 2-back condition), but to a much lesser

degree beyond capacity (i.e. 3-back) (Callicott et al., 1999).

As with activation associated with verbal WM, prefrontal load-dependent activation during

performance of spatial n-back tasks has also been observed in other functional neuroimaging
studies of WM in normal adults (e.g. Casey et al., 1998; Jansma et al., 2000; Postle et al.,

2000). Moreover, there is evidence to suggest that the co-localisation of load-sensitive and
load-insensitive activations is also apparent in spatial WM tasks. Jansma examined spatial

working memory across four levels of n-back, and found evidence of co-localisation of these
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two response types bilaterally in DLPFC and parietal cortex, and in the anterior cingulate

(Jansma et al., 2000).

This model of activation associated with parametric spatial WM performance can also be
extended to populations other than normal healthy adults. Thomas and colleagues found
evidence of activation of similar cortical regions in healthy adults and children (aged 8 -10

years) in an fMRI investigation of spatialWM. In a comparison of adults and children on the
n-back task and a control motor condition revealed that both experimental groups

experienced reliable working memory associated activation in the right hemisphere in the

superior frontal gyrus (BA 8), DLPFC (BA 10/46), superior parietal cortex and bilaterally in
inferior parietal cortex. Thus, indicating that the same regions of cortex subserves working

memory in both children and adults (Thomas et al., 1999).

In addition to the investigation of the regions of activation associated with performance of

working memory tasks have highlighted significant factors the impact upon the observed
cortical function. In a recent fMRI investigation of verbal working memory, using the n-back

task, Glabus highlighted significant differences in the regions of activation associated with
task performance between sub-groups of 'high' and 'low' performers. Although the group

model of activation in this study highlighted regions of significant activation in the

prefrontal and parietal cortices, there were considerable interindividual differences in

activation. It was found that those who performed well on the task (i.e. high performers)

engaged a LH sub-network, which comprised the inferior parietal lobule and Broca's area,

whereas, those participants who were relatively impaired on the paradigm (i.e. low

performers) utilised a RH sub-network including inferior parietal and DLPFC. Therefore,
the authors suggested that better performance on measures of verbal WM is associated with
activation of neural systems associated with verbal information processing. Moreover, it

was proposed that an observed interaction between the parahippocampal gyrus and the
inferior parietal lobule may have been associated with the implementation of different task

strategies (Glabus et al., 2003).

There is also evidence to imply the same kind of performance related activation associated
with measures of spatial working memory. Although they did not directly compare

different sub-groups of participants, Jansma and colleagues did note a significant positive
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correlation between performance (i.e. accuracy) and activation in a large region of load-
sensitive activity in the anterior cingulate and in a smaller region of load-sensitive activity in
the right parietal cortex. However, given the previously outlined response of anterior

cingulate to aspects of task difficulty, this may simply reflect the increased level of task

difficulty rather than a functional dissociation associated with the level of performance of
individual participants.

In summary, it appears that the proposed dissociation between verbal and spatial working

memory functions is reflected in the hemispheric specialisation associated with each

separate form of WM (i.e. spatial WM -> RH, and verbal/nonspatial -> LH). There is also
evidence to suggest that activation in specific cortical regions is associated with the

performance of specific processes within each of the working memory slave systems, such as

storage and rehearsal, with prefrontal regions apparently supporting spatial and verbal
rehearsal and parietal regions functioning in the short-term storage of spatial and nonspatial
material. Moreover, evidence from parametric working memory tasks is indicative of load-

dependent activity in a distributed network of prefrontal and posterior parietal regions
associated with executive, storage, and rehearsal functions of WM. Specifically, it has been

suggested that, as a result of its sensitivity to changes in memory load, the DLPFC may be
the functional site of the central executive component of human working memory.

Although, there is evidence of activation in visual, motor, and sensorimotor areas associated
with the performance of working memory tasks such activation is not load sensitive and

may reflect motor aspects of working memory, such as speech planning and execution.
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1.3 Antidepressant medication and cognition
1.3.1 Pharmacotherapy and depression
1.3.1.1 The monoamine hypothesis of major depression
The monoamine (or biogenic amine) hypothesis of major depression postulates that MDD is
the result of abnormalities in neurotransmitter function in the brain. More specifically, it

proposes that depressed mood is the consequence of deficiencies in monoamine

neurotransmitters, such as noradrenaline (NA) and serotonin (5-HT).

Evidence for this hypothesis was first suggested by the observation that manipulations of
the levels of biogenic amines could either induce or alleviate the symptoms of major

depression. For example, an investigation in the mid-fifties found that consumption of the

antihyperintensive medication resperine precipitated depressed mood (i.e. Muller et al.,

1955; cited in Hirschfeld, 2000). It was found that resperine interfered with the storage of 5-
HT in two ways, i.e. through the depletion of stores of serotonin in the brain and the storage

of the serotonin metabolite 5-hydroxyindolacetic acid (5-HIAA) in urine (Shore, Silver, and

Brodie, 1955; cited in Hirschfeld, 2000). Therefore, it has been proposed that resperine

brings about depletion in the presynaptic level of monoamines, as a result of its disruption
of the vesicular storage of both NA and 5-HT, and that this depletion is critical in the noted

induction of depression associated with resperine administration.

The notion of the role of monoamines in the precipitation of depression is also supported by
the observed reversibility of depressive symptoms upon cessation of resperine. Moreover, a
normalisation of mood can be attained via the administration of monoamine precursors,

such as dihydroxyphenylalanine, which effectively reverses the impact on monoamine levels
caused by medications such as resperine. The result of which is a normalisation of mood.
This effect has been noted in both animal models and human participants.

The role of 5-HT and NA in depression has been further supported by observation that
medications used in treatment of depression appear to remedy the depressive symptoms by

altering the synaptic availability of monoamines. For example, the action of both the

tricyclic and monoamine oxidase inhibitors (MAOIs) in alleviating depressive episodes

appears to be the result of their ability to increase the level of monoamines at the synapse.
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However, the relationship between mood and monoamine levels may not be as simple as

this theory predicts. In studies of normal healthy participants depletion of 5-HT and NA, i.e.
via tryptophan depletion or administration of low doses of a-methyl-p-tyrosine, has not

necessarily led to the onset of depressive symptoms. Moreover, depressed patients who are

treated with either 5-HT selective reuptake inhibitors, but not NA reuptake inhibitors, may
suffer a brief relapse upon depletion of 5-HT. Conversely, those patients who are treated
with NA reuptake inhibitors, but not 5HT-reuptake inhibitors, can experience relapse if

briefly exposed to depletion of NA. However, the experimental evidence suggests that

although their depletion is not sufficient alone to induce depression, monoamines may be

critically involved in the maintenance of antidepressant response (Duman, 1999).

While there is a clear association between monoamine availability and depression, there are

also a number of problems with this hypothesis, such as the delayed action of many

antidepressants. Although many antidepressants will have an impact upon monoamine
levels within hours of the first administration it can sometimes be weeks before an effect

upon mood will be noted in the depressed patient. Thus, suggesting that while the
alteration of the level of monoamines at the synapse is necessary, it may not be sufficient
alone in the reversal of depressive symptoms. Nonetheless, despite such criticisms the
monoamine hypothesis of depression has remained one of the most influential, and has

largely dictated the psychopharmacological approach to the treatment of major depression.

1.3.1.2 Classes of antidepressant medication

It has been proposed that the mechanisms that lead to the transportation of biogenic amines
such as 5-HT, NA, and dopamine (DA) to the presynaptic cortical neuron are essential to the
termination of the physiological actions of these transmitters on their receptor sites.

Consequently, any action that inhibits this re-uptake mechanism should both prolong the

physiological action of the neurotransmitter and bring about relevant behavioural changes

(Leonard, 1992). However, this action alone does not appear to be sufficient to bring about

changes in depressed mood. For example, drugs such as cocaine and amphetamine, which

bring about delay in the re-uptake of biogenic amines, appear to have little effect on

depression. Even so, the pharmacological treatment of major depression has largely
focussed on those treatments that have an effect on the re-uptake of monoamines.
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Despite similarities in their physiological actions, antidepressant medications can bee

categorised into different subtypes. The classification of antidepressants is largely based

upon the known receptor affinities of antidepressant medications. The result of adopting
this approach to the classification of medications used in the treatment of depression is three

general classes of antidepressant (AD) medication, i.e. the previously mentioned tricyclic

antidepressants (TCAs) and MAOIs, as well as the more modern selective serotonin re¬

uptake inhibitors (SSRIs). Although there are similarities in the mechanisms of each of these
classes of AD, there are crucial differences in the antidepressant action of each different

subtype. Therefore, it seems appropriate to examine the nature of each class independently.

Tricyclic antidepressants

Tricyclic antidepressants get their name from the presence of a core structure comprised of
three benzene rings. Included in this class of medications such as imipramine, amitriptyline,

trimipramine, doxepine, desipramine, nortriptyline, and protriptyline. The primary action

of TCA drugs is in the inhibition of the re-uptake of NA, and, to a lesser degree, 5-HT.

In addition to their affinity for biogenic amine receptors, TCAs are also active at multiple
nonmonoamine sites, such as histamine-1, muscarinic acetylcholine, and ai-adrenergic

receptors. Many of the side effects associated with TCA medications can be attributed to the

affinity for these drugs at these nonmonoamine receptor sites, at therapeutic dose levels.

Indeed, this varied affinity has been implicated in a number of the potential side effects
associated with therapeutic usage of TCAs, including dry mouth, blurred vision,

constipation, urinary retention, memory impairment, tachycardia, sedation, weight gain,

hypotension, and potentiation of other CNS depressants (Berman et al., 1999). Due to the
risk and range of side effects associated with tricyclic medications, other classes of

antidepressant medication are more commonly favoured over TCAs in the treatment of
MDD.

Monoamine oxidase inhibitors

Medications within the MAOI class, such as phenelzine, tranylcypromine, and

moclobemide, are categorised by their ability to block the action of the MAO isozymes A

and B. The antidepressant activity of this class of drugs is largely attributed to their ability
to block MAOa, since the inhibition of MAOb has limited effect on the symptoms of major
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depression. The result of this action is a decrease in the metabolism of NA, thus increasing
the synaptic availability of this monoamine.

The side effects of MAOIs have been known to include acute and severe elevations of blood

pressure, headaches, nausea, sweating, pallor, and vomiting. Moreover, patients taking
MAOIs may have to adhere to strict dietary restrictions. Resultantly, MAOI antidepressants
are relatively less popular in the treatment ofMDD than other AD medications.

Selective serotonin reuptake inhibitors

As with the TCA medications, SSRI antidepressant act upon the uptake of both NA and 5-
HT. However, their affinity for the 5-HT transporter is in order of 1-2 times the magnitude
of their affinity for NA (Richelson, 1991; cited in Berman et al., 1999). Given their relative
effectiveness and tolerability, SSRI medications such as fluoxetine, paroxetine, sertraline,

fluvoxamine, and citalopram are in common use for the treatment ofMDD.

Although there is a considerable range of studies that have examined the affinity, efficacy,
and tolerability of the various classes of antidepressant medications, the relevance of AD
medication to this particular series of investigations is their impact upon cognitive

performance and cerebral metabolism. Therefore, the following sections of this review will
consider the available evidence pertaining to each of these factors.

1.3.2 The profile of cognitive function associated with antidepressant medication
It is commonly accepted that the advent of adequate psychopharmacological treatments for

depression has fundamentally changed the evolution and prognosis of MDD (Amado-
Boccara et al., 1995). Moreover, it has been proposed that modern ADs make it possible
individuals with major depression to be treated as outpatients and to retain much of their
normal activity, including work responsibilities. However, for depressed patients to

maintain a level of functioning that is as close as possible to normal it is essential that the

antidepressants which patients are prescribed impactminimally upon cognitive function.

The association between cognitive performance and antidepressant medication is also a key
factor in patient compliance. Indeed, it has been found that patients are less likely to comply
with pharmacological intervention if they experience disturbances of mnemonic or
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psychomotor function (Amado-Boccara et alv 1995). The profile of cognitive function
associated with AD medication is not only of concern in a clinical setting. Indeed, the

consumption of ADs is a potential confounding factor in empirical investigations of major

depression. Therefore, it is essential that researchers and clinicians are able to identify and

quantify possible dysfunctions of cognition that are associated with the administration AD

medication, rather than being symptomatic ofMDD.

A number of studies have investigated whether the consumption of AD medication has a

significant association with cognitive performance, on a number of different cognitive
measures. There has been considerable variation in the methodological approaches of
different studies, including differences in the type of antidepressant investigated, the

experimental groups of interest (i.e. normal healthy adults or depressed patients), the

cognitive processes of interest, and the choice of AD administration (i.e. acute, subacute, or

chronic). The consideration of a selection of original articles and review papers which have
examined these factors should allow us to determine: (1) whether the consumption of

antidepressant medication has a significant impact upon cognitive function, and (2) which
factors in experimental design are pertinent to the observation of cognitive dysfunction in
individuals who have been prescribed an AD.

Psychomotor function

Manipulation of the serotonergic system has been shown to have an impact upon many

aspects of cognitive performance, including psychomotor function (reviewed by Lucki,

1998). Therefore, studies of the effect of antidepressant medication on cognition have tended
to include measures of psychomotor ability. The measures used in the assessment of

psychomotor function have ranged from elementary tests of motor ability, such as the finger

tapping test (FTT), to more complex assessments which mimic real life situations, e.g. tests
that simulate driving. The outcome of the investigation of measures of psychomotor ability

appears to be reliant on the class of medication used and the affinity of the chosen
medication.

A key factor in the effect of antidepressant medication on psychomotor performance appears

to be the receptor affinity of the chosen AD. Acute administration medications that have a

biochemical profile that includes affinities for muscarinic acetylcholine, Hi-histaminic, and

75



ai-andrenergic receptors appear to have a deleterious effect upon measures of psychomotor

performance, whereas those medications which are primarily involved in the inhibition of 5-
HT uptake appear to have no such detrimental effect (reviewed by Amado-Boccara et al.,

1995). Thus, there appears to be a proposed distinction between the effect of TCA and SSRI
medications in the performance ofmeasures of psychomotor function.

Indeed, a number of empirical investigations have noted the differential effect of TCA and

SSRI medication on the measures of motor function. For example, Fairweather and

colleagues conducted a comparison on the effect of citalopram (an SSRI) and dothiepin (a

TCA) in a sample of healthy participants (i.e. N = 14; 5 male and 9 female participants).

Participants were prescribed citalopram (i.e. 10, 20 or 40 mg/day for 8 days), dothiepin

(75mg on days 1 & 8, with placebo on intervening days), or a placebo only (once daily for 8

days). Each participant was tested on a battery of neuropsychological assessments at 2-, 4-,

5-, and 8-hour intervals after consumption of medication on days 1 and 8 of the study, i.e.

prior to commencement of medication, and after subacute administration of medication. It
was found that while citalopram had no significant effect on psychomotor performance on

both a choice reaction time and the Leeds Psychomotor Test, irrespective of dosage.

Dothiepin, on the other hand, was found to induce a sedative effect on motor function on all
of the measures which were used (Fairweather et al., 1997). These findings replicated those
of an earlier study by the same research group, which found no effect of fluvoxamine (an

SSRI) on the same measures of psychomotor performance in healthy male volunteers (i.e. N
= 12), but the same sedative effect of dothiepin (Fairweather, Ashford & Hindmarch, 1996).

The comparative effects of TCA and SSRI medications on motor performance have also been
extended to studies of more complex motor function. Hindmarch studied the impact of
fluoxetine (an SSRI) and dothiepin on the performance of a simulated driving task. As with

the previous investigations this study involved normal healthy adults, who acted as their
own controls in a placebo-controlled study. Participants' performance on the driving
simulation task was measured on a number of performance factors, and under two 'alcohol'

conditions, i.e. consumption of medication either with alcohol or an alcohol placebo.

Irrespective of the consumption of alcohol, dothiepin impaired performance on the task.

However, acute dose administration of fluoxetine had no impact upon performance in both
alcohol conditions (Hindmarch, 1988). Thus, indicating that the sedative effects of TCAs
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upon psychomotor performance in normal healthy adults is not just applicable to

elementary measures of motor function, but can indeed be extended to more complex forms
of psychomotor ability.

One potential explanation of the relative differences in the effect of TCA and SSRI
medications on the performance of psychomotor tasks may be attributable to the differences
in the affinity of these two classes of AD medication to NA receptors. In order to determine
the relative effect of 5-HT and NA reuptake inhibition upon cognitive performance, Nathan
and colleagues examined the comparative effect of serotonin and noradrenaline reuptake
inhibitors (i.e. citalopram and venlafaxine, respectively). The effect of both of these
medications upon the performance of a choice reaction time measure in normal healthy
volunteers (i.e. N = 9, all male) was compared to the effect of amitriptyline (a TCA) and a

placebo. It was found that acute administration of citalopram actually had a facilitatory
effect on psychomotor function, which was evident in decreased reaction times on the CRT

task in participants in this condition. Alternatively, venlafaxine was found to have no effect
on any measure of psychomotor speed in this study (Nathan et al., 2000).

The results of the Nathan study appear to support the notion of a lack a sedative effect of
SSRI medication on psychomotor performance. Indeed, the findings of this particular

investigation are indicative of an improvement in psychomotor function in participants who
are given SSRI medication. This beneficial effect of 5-HT reuptake inhibition on

psychomotor performance has also been noted in studies that have administered other SSRI

medications, such as sertraline (Hindmarch & Bhatti, 1988) and paroxetine (Hindmarch &

Harrison, 1988). Thus, it would appear that the effects of SSRI medication on psychomotor

performance are at worst negligible, and may even beneficial.

The failure of venlafaxine to impact upon psychomotor function may be attributed to its low

affinity for 5-HT receptors, compared to SSRI medication. Although venlafaxine does have
some affinity for the re-uptake inhibition of 5-HT the magnitude of its effect on this
mechanism is somewhere in the order of 160 times less than that of citalopram (Nathan et al.,

2000).
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The relative difference in the effect of venlafaxine and citalopram also has important

consequences in the comparative differences between TCA and SSRI medications on motor

function. Venlafaxine is similar to TCA medications in its profile of affinity for NA reuptake
inhibition. Therefore, the sedative effects of tricyclics may possibly be attributable to the

affinity of this class of medication for nonmonoamine receptor sites.

Executive function

Monoamine function in the brain is not only of importance to the integrity of psychomotor

function, but also plays a role in carrying out executive functions. In a review of chemical
modulation of executive functions in the brain, Robbins suggested that catecholamines (i.e.
DA and NA) were involved in the execution of tests of planning or working memory,

whereas serotonin function appears to be involved in set-shifting and decision-making tasks

(Robbins, 2000). This behavioural dissociation is also reflected in the functional dissociation

of the putative regions of PFC that support these types of executive function. It would

appear that the effect of catecholamines on cognitive performance is associated with those
tasks reliant on dorsolateral and rostrolateral PFC. Serotonin, on the other hand, seems to

be involved in the execution of tasks that are mediated by orbitofrontal PFC (Robbins, 2000).

Therefore, given the relative effect of different biogenic amines on cognitive function, it is
reasonable to suggest that medications that have an effect upon the cortical levels of these
neurotransmitters will have an impact upon executive function. As with psychomotor

function, a number of studies have considered the relative effects of such medications on

different aspects of executive function, including planning, working memory, and selective

attention. Moreover, some investigations have also considered the relative influence of
different classes of AD medication on these types of cognitive functions.

One commonly used objective measure of attention and information processing in studies of

antidepressant effects on cognition is the critical flicker fusion frequency threshold (CFFT).
This assessment requires participants to respond at the frequency at which a rapidly

repeated visual stimulus (i.e. light emitting diodes) stops being perceived as separate

stimulus items and instead appears to be a continuous light. This measure has produced
reliable evidence of information processing effects of ADs, and has also been suggested as an

appropriate measure of central nervous system (CNS) function.
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A review of studies that have used the CFFT to measure information processing ability in
normal participants found that all studies meeting the inclusion criteria for the study
observed a significant impairment of CFFT associated with the administration of TCAs

(cited in Hindmarch, 1995). In contrast, SSRIs have been associated with an increase in

CFFT. This latter effect has been noted with a variety of different SSRI medications, such as

sertraline (Hindmarch & Bhatti, 1988), citalopram (Fairweather et al., 1997; Nathan et al.,

2000), and paroxetine (Hindmarch and Kerr, 1994; cited in Hindmarch, 1995). Moreover, the

positive effect of SSRIs on CFFT has been observed to be immediate and dose dependent.

Therefore, the experimental evidence is suggestive of impairment in information processing
and CNS function associated with TCA treatment. However, the administration of SSRIs

seems to be associated with sparing or enhancement of these functions.

Selective attention has also been assessed in studies of the behavioural toxicity of

antidepressants using measures such as the continuous performance test (CPT), the symbol
cancellation test of the WMS-R, the Digit Symbol Substitution Test (DSST), and the Stroop

colour-naming test. In single dose investigations of the effect of ADs on cognition in healthy
adults impairments, on measures of selective attention have been noted with the
administration of a range of TCA medications, such as amitriptyline and imipramine.

However, these impairments have not been observed in studies of long-term repeated
administration of TCAs in both healthy and depressed experimental groups. Indeed there is
evidence to suggest that in the case of amitriptyline performance may return to baseline
levels in chronic AD administration paradigms. This is again in contrast to the effect of
SSRI medications, which appear to have either no sedative effect or a positive effect on
measures of selective attention when administered acutely to healthy volunteers. This

pattern of findings also seems to extend to the long-term administration of these drugs in

both depressed patients and healthy controls (see Amado-Boccara et al., 1995 for review).

The relative effect of TCAs and SSRIs on other measures of executive function, such as

working memory has also been considered. For example, van Laar and colleagues

investigated the relative effects of a weeklong course of amitriptyline, nefazedone (i.e. a 5-
HT2 receptor agonist), or paroxetine on a working memory task, in a sample of healthy
volunteers (i.e. N = 24; 12 male and 12 female). The authors found that amitriptyline
resulted in increased reaction times on the first day of testing (i.e. day 1), whereas paroxetine

79



and nefazedone were both associated with a decrease in RT. With the exception of

nefazedone, the deviations from baseline were found to have largely diminished by the final

day of testing (i.e. day 8). Performance on the working memory task in this study was also
measured in terms of the percentage of misses and false alarms. At day 1, amitriptyline
resulted in an increase in the percentage of misses, although the other medications had no

effect at this point on this measure. However, by day 8 both paroxetine and nefazedone had
resulted in a significant increase in the percentage of misses, and there was a trend towards a

significant increase associated with amitriptyline. The only other significant finding in this

study was a significant increase in the percentage of false alarms on day 1 in those

participants taking the TCA (van Laar et al., 2002).

These observations are in concordance with the noted predictions of Robbins, which stated
that the manipulation of the serotonergic system would be expected to have no effect on

measures of working memory, whereas the manipulation of catecholamine systems may

possibly lead to the disruption of working memory ability (i.e. Robbins, 2000).

Thus, the observations of the effect of antidepressant medications on executive function

appear to largely mimic those seen in studies of psychomotor function. Although TCA

drugs appear to have a sedative effect on aspects of executive function, such as information

processing, selective attention, and working memory, SSRI medications appear to have a

neutral or positive effect on the same measures. The discrepancy in these findings may be
attributed to either the increased affinity for serotonin exhibited by SSRIs, or to the
nonmonoamine affinities of the TCAs, or perhaps a combination of the effect of both factors.

Memory and learning

Mnemonic function has also been studies in investigations of the association between

antidepressant medication and cognitive function. As previously noted in this review, there
are various divisions that exist in the human memory system, including a variety of
subdivisions within both the short- and long-term stores. Studies of the behavioural impact
of AD medication have included measures of both short- and long-term memory, and have
extended to include assessment of both semantic and episodic long-term memory.
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In his review of the effect of antidepressants on cognition, Amado-boccara suggests that
acute administration of TCAs to healthy controls largely appears to have no effect on
mnemonic function. This extends to measures of short-term memory, such as the digit span

test, and long-term memory, including learning, recognition, and recall of both verbal and
visual material. Moreover, in this review a number of SSRI drugs were noted to have no

sedative effect on any of the included measures of memory and learning, and none were

found to enhance memory function. This pattern of findings was also applicable to the long-
term administration of these drugs in normal volunteers (Amado-Boccara et al., 1995).

Although the findings across studies included in the above review were relatively

consistent, there is evidence to suggest a potential effect of antidepressants on specific

aspects of memory. For example, a study by Harmer and colleagues found that acute
administration of citalopram had no effect on the immediate recall of auditory verbal

material, but that it induced an enhancement in long-term memory performance in terms of
both delayed recall and recognition (Harmer et al., 2002).

In addition, it has also been suggested that the noradrenergic system may play a critical role
in the consolidation of emotional memory, namely that blocking the adrenergic system in
humans may result in a reduced capacity for the recall of emotionally salient material.

However, the findings regarding this hypothesis are not entirely consistent. While an earlier

study by O'Carroll found that the administration of an agent which stimulated central

noradrenergic activity (i.e. yohimbine) resulted in healthy volunteers recalling more

emotional material than participants given an agent that blocked noradrenergic activity (i.e.

metoprolol; O'Carroll et al., 1999), a later study found no effect of selective stimulation of the

noradrenergic system (i.e. using reboxetine) on long-term memory function (i.e. Papps et al.,

2002).

In summary, those studies that have examined the effect of various antidepressant
medications on a number of different aspects of cognition seem to imply a relatively
consistent profile of cognition associated with different classes of medication. Tricyclic

antidepressants reliably impair the performance of normal healthy adults on measures of

psychomotor and executive function. This effect has been noted in acute, subacute, and
chronic administration of TCAs in normal healthy participants. Selective serotonin reuptake
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inhibitors, on the other hand, result in a relative sparing or enhancement of these same

functions, again in healthy volunteers, and between acute and different multiple dose
administrations. In addition, the administration of either class of medication has not been

noted to have any significant or consistent effect on mnemonic function.

A major issue in the majority of studies of the behavioural effect of antidepressants is the fact
that most studies employ samples of healthy volunteers. On one hand this does have the

advantage of segregating effects on cognition that are due to the medication in question

from deficits that are associated with the profile of cognitive dysfunctions associated with
MDD. However, it should be noted that there is a possible and likely interaction effect
between the symptomatic profile of clinical groups and antidepressant medication. This
interaction should be taken into account when estimating the effect of ADs on any measure

of cognitive function in the clinically depressed population, based on observations in non¬

clinical samples.

Although there is a reasonably reliable profile of cognitive function associated with different
classes of antidepressant medication, also of interest in the series of investigations that have

comprised this study was the potential effect of AD drugs on the neuroimaging data

acquired in functional activation studies of major depression. Therefore, the following
section of this review will aim to determine the potential effect of antidepressant
medications on cerebral metabolism, and their impact on the acquisition of functional

neuroimaging data.

1.3.3 Functional neuroimaging studies of cerebral metabolism associated with

antidepressant medication

The function of the serotonin extends beyond the regulation of affective behaviour and
includes a variety of mechanisms, which extend to a broad range of physiological systems,
such as cardiovascular regulation, respiration and thermoregulation, and behavioural

processes. Resultantly, the physiological impact of any agent that alters 5-HT function is

potentially varied. As already noted, the majority of medications that are currently in use as

treatments for major depression do, to some degree, impact upon the level of 5-HT available
at receptor sites in the brain. Therefore, of concern in studies of depression is not only the

effect that antidepressants may have on the behavioural aspects of the symptom
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presentation of depressed individual, but how ADs may impact upon the physiological

systems of the patient.

The probability of disruptions in cerebral metabolism resulting from properties of the type

of psychotropic medication being taken by patients at the time of testing, rather than being
endemic to the experimental group is of particular concern when conducting functional

neuroimaging studies, such as fMRI or PET, of clinical populations. Yet, despite this

potentially significant confounding factor, there have been relatively few studies of the effect
of antidepressants on regional cerebral blood flow. Moreover, the majority of studies have

only considered the metabolic effects of medications belonging to the SSRI class of ADs.

Nonetheless, consideration of the literature available for different medications within this

class should allow for the determination of a model of the potential effect of antidepressant
medication on measures of cerebral blood flow.

Fluoxetine

Bonne and colleagues conducted one of the few studies to monitor the effect of chronic
administration of AD medication in a sample of normal volunteers. These investigators

employed "mTc-HMPAO SPECT to determine the blood flow consequences of the

consumption of fluoxetine, i.e. 20mg/day for a period of 6 weeks. Using a region of interest

approach, the authors aimed to determine whether there were any significant changes in

global or regional cerebral blood flow associated with chronic administration of fluoxetine.

However, the results of their data analysis revealed no AD associated changes in blood flow,
at both global and regional levels of analysis (Bonne et al., 1999). Therefore, they suggested
that the changes in CBF seen in previous studies were potentially the result of differences
between depressed patients and healthy controls, or between acute and chronic
administration of ADs.

A later study by Mayberg also examined the metabolic effects of fluoxetine. However, in
this study the authors employed a sample of depressed patients. Mayberg and colleagues
were interested in the differential regional metabolic effect of fluoxetine in patients who did
and did not respond to AD treatment, i.e. 'responders' and 'nonresponders', respectively.
The investigators examined time course changes in brain glucose metabolism in a sample of

hospitalised unipolar depressed patients using PET, and noted time specific and response-
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specific effects at two different time points, i.e. 1-week and 6-weeks after the commencement

of AD medication. It was found that although the pattern of cortical function was similar

between responders and nonresponders at 1-week, after 6-weeks there were significant
differences between the groups. Responders were characterised by relatively decreased

activation in the limbic and striatal regions, and increases in brain stem and dorsal cortical

regions (prefrontal and parietal, and anterior and posterior cingulate). Nonresponders, on
the other hand, either showed the same pattern of cortical metabolism as they had at 1-week,
or failed to show changes in subgenual cingulate or PFC (Mayberg et al., 2000).

Venlafaxine

Two studies by Kalin and colleagues have also examined the profile of regional cerebral
metabolism associated with the AD treatment of depressed patients, using venlafaxine (i.e.

Kalin et al., 1997; Davidson et al., 2003). Both studies compared the performance of

depressed patients to normal controls on a measure of affective processing at baseline, and
at a period of two weeks after the commencement of venlafaxine treatment. The second

study also examined the relative changes at 8-weeks following the start of medication.

Although the patterns of cortical activation were similar between patients and controls at

different time points in the first study, in the baseline measurement controls displayed a

decreased activation in response to positive stimulus items which was absent in the patients.

However, after two weeks of treatment with venlafaxine an area of activation appeared in

the right secondary visual cortex of depressed patients in response to positive stimuli (Kalin
et al., 1997). Thus, suggesting that the patients' response to treatment was mediated by

changes in cortical function, which resulted in the pattern of activation in patients

mimicking the activation of controls.

The second investigation by this group also found significant treatment associated changes
in cortical activation. The baseline measures from this study revealed a significant difference
between patients and controls in the left insular cortex and the anterior cingulate. In both
instances the degree of activation in patients was significantly lower than controls.

However, after just two weeks of venlafaxine treatment patients a showed relative increase
in the insular cortex. Moreover, after eight weeks there was an apparent normalisation in
activation in the anterior cingulate (Davidson et al., 2003).
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Therefore, both of these studies support the notion of specific alterations in cerebral
metabolism as a result of the administration of antidepressant medication. Moreover, in

accordance with the Mayberg study, these findings support the notion of an association

between these types of changes in regional cerebral blood flow and the likelihood of

response to AD treatment.

Sertraline

Metabolic functional neuroimaging has also been employed to examine the association
between another SSRI medication, i.e. sertraline, and regional cerebral blood flow. Drevets
and colleagues used PET to determine the nature of this relationship in a sample of

previously unmedicated MDD patients. Following treatment with sertraline, cortical

metabolism significantly decreased in the left amygdala and left subgenual AC of depressed

patients. In addition, there was a trend towards a significant difference in post-treatment

blood flow in the orbital and posterior cingulate cortices. It was found that these changes
were largely limited to those patients who responded to treatment and who remained well
at 6-month follow-up. Indeed, the metabolic reduction in the amygdala was significantly

correlated with HRSD score (Drevets, Bogers & Raichle, 2002).

Paroxetine

A further study to employ this type of experimental method to examine the association

between AD medication and cortical metabolism was a study of the effect of paroxetine on

cortical metabolism, conducted by Kennedy and colleagues. In this study, the experimenters
assessed the effect of six weeks of paroxetine treatment on frontal and limbic activation in a

sample of male depressed patients. Using PET, it was observed that following successful

paroxetine therapy patients exhibited increase glucose metabolism in dorsolateral,

ventrolateral, and medial aspects of the PFC (i.e. more left, than right, lateralised), the

parietal cortex and the dorsal anterior cingulate. Moreover, areas of decreased metabolism
were found in both anterior and posterior insular regions (LH), in conjunction with
decreases in the right hippocampal and parahippocampal regions (Kennedy et al., 2001).

Thus, implying that successful AD treatment was associated with a reversal of the frontal

hypofrontality and limbic hyperactivity that are believed to characterise cerebral metabolism
in MDD.
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In conclusion, the available evidence is indicative of a significant association between

consumption of antidepressant medication and both global and regional cerebral blood flow.
More specifically, this association appears to be conditional, applying only to those

participants with a clinical diagnosis of depression and who also respond to antidepressant
treatment. Based on the available evidence, chronic administration of AD drugs appears to
have no significant effect on metabolism in normal healthy volunteers. However, given the
relative lack of evidence regarding the relationship between blood flow and medication
status in healthy adults, it is difficult to draw any definitive conclusions regarding this issue.

Given the rather consistent nature of the evidence supporting the notion that the relative
effect of AD medications on cerebral metabolism is an important factor in the nature of the

imaging data acquired in studies ofMDD, this is an important issue which needs to be taken
into account in functional neuroimaging investigations of depressed patients who are not

medication naive.
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1.4 Experimental aims and hypotheses
1.4.1 Introduction to experimental aims

There are a number of pertinent points that arise from the consideration of the background
literature relevant to the study of cognitive function in major depression. First of all, there is
the issue of whether there is a consistent pattern of cognitive impairment associated with

major depression, and if so can this pattern be best characterised as a global or specific

impairment of cognitive function? Secondly, which factors associated with major depression

may be critical factors in the types of cognitive dysfunctions commonly associated with
MDD? For example, are cognitive impairments in major depression the manifestation of

underlying abnormalities in cortical function? And finally, which factors are of importance
in attempting to understand the relationship between major depression, cortical function,
and cognitive performance?

The aim of this series of investigations was to attempt to produce experimental evidence that
would be useful in answering these questions. In order to achieve this three empirical

investigations were conducted. The aims and hypotheses of each of these investigations are

outlined in the following sub-sections.

1.4.2 Experiment one: Working memory in depression

Depressed patients may exhibit both qualitative and quantitative changes in how internal
and external information is processed, interpreted, and stored (Weingartner et al., 1981).
Evidence to support this pattern of dysfunction comes from investigations of a variety of
measures of cognitive performance in individuals with a clinical diagnosis of major

depression. Deficits have been noted in tasks ranging from elementary processes, such as

basic psychomotor function, to the higher cognitive processing required by measures of
mnemonic function.

It has previously been suggested that the range of deficits associated with MDD may be the
result of abnormalities in executive function in depressed patients, such as would be
characterised by a deficit in the central executive component of the human working memory

system (Channon et al., 1993). However, there have been relatively few studies of cognition
in MDD that have employed specific measures of working memory and the findings
relevant to the integrity of WM in depressed individuals are inconsistent, with some
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investigations finding little evidence impairment on tests of working memory. Moreover,

those studies that have found evidence of a working memory dysfunction associated with
the central executive have done so using measures such as the DGB and PASAT, both of
which may require the short-term manipulation of information in a manner that is better
characterised by models ofWM other than the Baddeley and Hitch (1974) model.

In addition, there is also the issue of the considerable variation in the approaches of different
studies of the association between MDD and cognitive performance on a number of

potentially confounding factors, such as participant age, severity of depression, and

diagnostic profile.

Therefore, the aims of the first study were to compare the performance of a clearly defined

sample of depressed patients and matched, healthy controls on a measure of working

memory that had been shown to accurately assess the manipulation of the central executive

component of the working memory system in normal healthy adults, i.e. the n-back task.

The experimental hypotheses in this study were as follows:

1. All participants will experience an increase in difficulty in performance of the n-back
task associated with the linear increase in task difficulty; and

2. Depression will be associated with a relative impairment of performance on the n-

back task.

1.4.3 Experiment two: Working memory in depression: a functional MRI study
The review of structural neuroimaging studies of major depression revealed evidence of
abnormalities in both frontal and striatal regions of cortex associated with MDD. It has been

suggested that these structural abnormalities may have a contributory effect to the profile of
affective and cognitive symptoms observed in depressed patients.

In addition, functional neuroimaging studies of MDD have implied that the same regions
that have been shown to be structurally abnormal are also functionally abnormal in

depressed individuals. Moreover, the metabolic dysfunction in specific regions of the
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frontal cortex may be critically related to the profile of cognitive dysfunction related to the

experience of unipolar depression.

Moreover, there is also considerable overlap in the regions of structural and functional

abnormality associated with major depression and those regions that have been noted to

mediate working memory function in normal healthy adults, including regions of both
dorsal and ventral prefrontal cortex. Thus, supporting the notion of impairment of working

memory function in major depression, and allowing for the inference of causal mechanisms
in this type of deficit.

Therefore, the aim of the second experiment in this study was to extend the observations of
the first study to see if there was a depression associated impairment in the performance of
tasks reliant on normal working memory function, and to determine whether any difference
in the performance of depressed patients and healthy controls could be attributed to the
differences in cortical activation during performance of the n-back task (i.e. as assessed using

fMRI).

Based on the observations of previous neuroimaging investigations, the additional

experimental hypothesis that was examined in the second experiment was:

3. Relative differences in the performance of depressed patients and healthy controls
on the n-back task will be associated with relative differences in the level of cortical

activation in those regions putative to normal working memory function.

1.4.4 Experiment three: The effect of escitalopram on working memory in normal healthy
adults: A functional MRI study

A main factor of concern in any study of clinical populations is the impact of psychotropic
medication upon observed symptomology. Of particular significance in studies of

depression is the effect of antidepressant medication on cognition. In the case of unipolar

depression, investigations of antidepressant medications on measures of cognitive function
have produced mixed results. While some classes of antidepressants, such as the TCAs,

appear to have a sedative effect on various aspects of cognition, others types of AD

89



medication, e.g. SSRIs, seem to produce either no effect or a facilitatory effect on cognitive

performance.

However, in functional neuroimaging investigations an additional factor of interest is the
effect of any agent consumed by participants on mechanisms that are critical to the

acquisition of imaging data, i.e. regional metabolic blood flow. With regards to depressed

patients there appears to be a reliable effect of antidepressant medications on cerebral blood
flow in treatment responsive patients.

Therefore, it was decided that the consumption of antidepressant medication was an issue

that needed to be addressed in the current series of experiments. There were a number of

potential ways to deal with this factor that were considered, such as attempting to recruit a
control sample of medication-free depressed patients to compare with the original sample of

depressed patients who took part in the second experiment. An alternative proposal was the
use of follow-up scans for the sample of depressed patients in experiment two during a

period of medication-free remission from MDD. However, both of these methodological

approaches were rejected due to practical and ethical considerations.

First of all, one of the first courses of action of any physician faced with depressive

symptomology in a patient is the prescription of an AD medication. Therefore, the
recruitment of individuals who are depressed but not medicated often relies on the use of

prospective sampling methods. Although this approach can identify individuals who are

significantly depressed there is the potential ethical issue of withholding treatment from
individuals who have been identified as being depressed for research purposes. In the case

of the second approach, given the small number of participants being scanned in experiment
two (i.e. N = 10), the limited timeframe of this project and the likely duration of depression,
it was felt that it was unlikely that a reasonable number of previously examined depressed

patients would have been in a position to be re-scanned.

Thus, it was felt that the most reasonable approach to this problem was to control for the
effects of medication on the cognitive performance of the n-back task and the associated
cortical activation in the depressed sample by comparing depressed individuals with a

sample of medicated healthy controls on both of these aspects of performance. Although,
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the Bonne study was indicative of no effect of chronic administration of AD drugs on

cerebral blood flow in normal healthy adults, this represents findings from one investigation

only and there is evidence to suggest that there may be an acute dosing response in healthy
volunteers. Moreover, there is significant amount of evidence that is suggestive of

similarities in the behavioural effects of AD medication in depressed and normal samples

(see Amado-Boccara et al., 1995 for a review).

Taking account of these observations, the third, and final, study in this project involved the

scanning of normal healthy controls following the subacute administration of an SSRI
medication (i.e. escitalopram) and during a medication-free period. As with the previous

study, the pattern of cortical activation associated with the performance associated with

attempting the n-back task was determined using functional MRI.

Based on previous findings relating to the effect of SSRI medication on cognitive function

(i.e. neutral or facilitatory) and cortical activation, the experimental hypotheses that were
addressed in experiment three were:

4. Subacute administration of an SSRI medication (i.e. escitalopram) in normal healthy
adults will be associated with significant alterations in performance on measures of

cognitive function, including working memory.
5. Compared to the medication-free condition, participants in the post-medication

condition will experience a relative alteration in the degree of activation in those
areas of cortex associated with metabolic changes in treatment responsive depressed

patients.

The following chapters outline the methodological approaches used to investigate each of
these experimental hypotheses (i.e. Chapter 2, 4, and 6) and the associated outcomes of each

study (i.e. Chapters 3, 5, and 7).
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Chapter 2: Methodology - Experiment One
2.1 Design

A case control study with a single between subjects factor of participant group (i.e.

depressed patients vs. matched, healthy controls) was employed to test the experimental

hypotheses (see Chapter 1: pp 89). The within subjects factor was the level of difficulty on

the n-back task (i.e. 0-, 1-, 2-, and 3-back). The dependent variable was performance at each
level of difficulty of the n-back task. With respect to n-back performance, both mean

number of correct responses (i.e. expressed as a percentage of total number of potential

responses) and mean reaction time. Both simple group effects and group by task difficulty
interactions were of interest.

2.2 Participants
2.2.1 Recruitment

2.2.1.1 Patient recruitment

Ethical approval from the Lothian NHS board, Psychiatry and Psychology Research Ethics

Committee, and management approval from the Lothian Primary Care NHS Trust, were

obtained for the recruitment of patients of the Royal Edinburgh and associated hospitals to

participate in the study. In order to recruit suitable participants a prospective sampling
method was employed.

Initially consultants of the Royal Edinburgh Hospital were notified of the study, its aims and

proposed method, and the possibility of their patients being approached to participate.

They were asked to notify the researchers if they had any objection in principle to the

potential participation of their patients in the experiment.

Following the general approval of the consultants ward staff in the general adult mental
health wards of the Royal Edinburgh Hospital were contacted regarding the study. An
information sheet was given to staff that outlined the details of the investigation and the

types of patients that were being sought. This was provided to ward staff along with a copy

of the information sheet for patients and contact details for the researchers. The same

information was also sent to staff of the outpatient units associated with the hospital.
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After the initial contact a number of follow up visits and phone calls were made to ward
staff and the day hospitals in order to ascertain whether patients who met the criteria for

participation were being treated and whether they would be able to participate in the study.

Potential patients were approached based on the recommendation of a member of staff

responsible for their care. Once a suitable patient had been identified a meeting or telephone
call with the patient was arranged, in which the nature of the investigation was explained.

They were provided with an information sheet with a full outline of the study, and details of
individuals who could be contacted regarding the study. Each potential participant was
advised to read the information carefully and to discuss participation with those responsible
for his or her psychiatric care, as well as friends and family members. After a period of at

least 24 hours patients were then re-contacted in order to ascertain whether or not they
wished to participate in the study.

2.2.1.2 Control recruitment

Control participants in this study were opportunistically sampled. At the same time as

members of ward staff of the Royal Edinburgh hospital were contacted regarding the need
for suitable patient participants they were also given an information sheet outlining the need
for normal, healthy controls. This form described the need for controls in this type of study,
the type of controls that were being sought, and the expectations of those willing to

participate in the investigation. The researchers asked staff to recommend any individuals,

including themselves, who met the criteria for participation.

Similarly information was circulated in the Division of Psychiatry at the University of

Edinburgh regarding the need for healthy controls. Staff and post-graduate students were e-

mailed the details of the study and asked to recommend individuals who they felt would be
suitable to act as controls.

Through this opportunistic method a number of individuals were identified who met the
criteria for inclusion as normal control participants. From those who volunteered a sample
was selected of those who it was felt provided the most suitable matches for the depressed

individuals who had been recruited to participate. While some of these individuals included
staff of the University of Edinburgh, Division of Psychiatry and the Royal Edinburgh
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Hospital, it was ensured that none of the control participants were involved in a dependent

relationship with either of the investigators. In a similar approach as was adopted with

depressed patients interested in participating in the study, potential participants were

contacted by the researchers and provided with full details of the project and given the

opportunity to ask questions. They were also advised to discuss participation in the study
with friends and family, and were re-contacted after a minimum period of 24 hours

regarding consent to participate.

2.2.2 Participant details

Participants were twenty individuals with a diagnosis of major depressive disorder and

twenty matched normal, healthy controls (see Table 2.1 below). All patients who

participated in the project were either in- or out patients (i.e. six and fourteen respectively)
of the Royal Edinburgh Hospital, and associated hospitals, within the Lothian Primary Care
NHS Trust. These patients were selected on the basis of a diagnosis of major depressive
disorder by those responsible for their medical care. In addition, the average length of time
since initial diagnosis and length of the current episode was 79.3 and 13.9 months,

respectively.

Level of depression at the time of cognitive assessment was determined using the Beck

Depression Inventory (BDI) Beck et al., 1961 and the Hamilton Rating Scale for Primary

Depressive Illness (HRSD) Hamilton, 1967. It was ensured that depressed patients scored at

least 15 on both the BDI and the HRSD, as this was deemed to be indicative of a significant
level of depression (see section 2.5: Materials).

Participant Group
Mean ages (years)
(mean(s.d))

Mean NART estimated IQ
(mean(s.d.))

Ratio ofMale: Female
participants

Patients 34.65 (8.887) 111.25 (9.233) 4:16

Controls 30.80 (8.889) 117.50 (6.629) 4:16

Table 2.1: Summary of participant demographic details: Experiment One

All participants who participated in this study were required to meet the criteria outlined in
Table 2.2. Moreover, control participants were required to have no history of psychiatric

illness, although, it should be noted that this information was obtained via self-report and
was not corroborated with each individual's own doctor or other individuals.
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Inclusion criteria: All participants Inclusion criteria: Patients only
Aged 18 - 50 years old.
No history of serious physical health problems,
including diabetes, liver disease, heart attack,
and stroke.

No history of head injury
No history of alcohol or drug misuse
Not colour blind

Not pregnant

No history of psychotic symptoms

No medication change in the 7 days
preceding participation

No electroconvulsive therapy in the 6
months preceding participation

Table 2.2: Criteria for inclusion - Experiment One

Within the depressed sample eighteen patients were taking anti-depressant medication at

the time of testing (see Table 2.3). Of the two patients who were not currently taking
medication for their illness, one patient had been medication free for two weeks and the
other for three months. Furthermore, five participants were also taking additional
medication at the time of participation. The combinations of medication being consumed by

patients not only included anti-depressant but also other classes of psychotropic medication

(see Table 2.4).

2.2.3 Excluded/Withdrawn participants

An additional eleven patients were recruited for the study but failed to either commence or

complete testing. Four of these depressed patients were withdrawn from the study due to

failure to meet our minimum BDI and HRSD requirements. In the remaining sample of six,
one patient was recruited but discharged from the hospital prior to testing phase, and did
not respond to numerous attempts to contact her. In addition, three patients experienced a

catastrophic reaction during testing, and were unwilling to rearrange alternative testing

sessions. The final patient in this sub-group was omitted from the study due to a change in

diagnosis after recruitment but prior to testing.

Furthermore, one patient and one control participant completed testing but it was later
observed that there had been an error in the data acquisition for the n-back task for both of
these subjects. We were unable to rearrange testing sessions for these two participants, and
thus their other data was excluded from the final analyses.
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It should also be noted that an additional male participant was recruited in the pilot stages
of the study. However, the patient's age exceeded our upper limit (i.e. he was 59 years old)
and although the patient did complete all testing sessions, his data has not been included in

any of the analyses.

Name ofMedication Number ofparticipants
Clomipramine 2

Fluoxetine 1

Imipramine 2

Mianserin 1

Mirtazapine 2

Paroxetine 2

Reboxetine 1

Trazodone 1*

Venlafaxine 7

Table 2.3: Details of anti-depressant medications being consumed by depressed patients at
the time of participation - Experiment One

(* This participant was also taking venlafaxine)

Anti-depressant medication Additional medications (medication (classification))
Clomipramine

Mianserin

Mirtazapine
Paroxetine

Venlafaxine

Venlafaxine, Trazodone

Thioridazine (neuroleptic), Zoplicone
(hypnotic)
Amisulpride (neuroleptic), Lamotrigrine
(anticonvulsant)
Procycladine (anti-Parkinsonian)
Temazepam (benzodiazepine)
Medazepam (benzodiazepine)
Diazepam (benzodiazepine)

Table 2.4: Combinations of medication being consumed by those patients who were
prescribed more than one medication at the time of participation - Experiment One

2.3 Materials (see Appendix 2)
2.3.1 Pre-test materials

Participant information sheet
As noted above, prior to participation all participants were provided with a copy of an

information sheet for participants (see Appendix 2). Participants were given the information
sheet a minimum of 24 hours prior to participation, and were advised to consult with friends,

family, and (in the case of patients) those responsible for their medical care before deciding
whether or not to participate in the study. Individuals were also advised that they were at

liberty to discuss any questions or queries that they had with either of the investigators.
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Consent form

Participants were asked to sign a consent form prior to participation, which outlined the
conditions of testing. In addition, it was verbally reiterated to all participants that

participation in the study was on an entirely voluntary basis, and was completely

independent of current or future treatment as a patient of Lothian Primary Care NHS Trust.

Participants were also advised that agreement to participate did not imply commitment to

complete testing, and that they were free to withdraw at any stage during the study, without

giving a reason. For all participants there was a copy of the signed consent form for the

participant and one for the investigators. Patients were asked to sign an additional copy of
the consent form, which was later appended to their medical records.

Once informed consent had been obtained participants were asked to complete the following

pre-test measures, which had been compiled in order to determine the suitability of a

particular candidate for participation.

Medical questionnaire

Initially individuals were asked to complete a medical questionnaire. Two copies of this

questionnaire were prepared, i.e. one for patients and one for controls. Each version of the

questionnaire posed questions relating to each of the relevant inclusion criteria for patients
and controls, e.g. 'Have you ever had a head injury?' Participants were also asked to impart

any additional information that may have excluded them from participation in either this or
future phases of the project, e.g. whether or not they were colour blind, or whether or not

they were currently pregnant.

Patient information sheet

For all patients who participated in the study a member of staff involved in their medical
care was asked to complete a 'Patient Information Sheet' (see Appendix 2). Information
obtained in this form was used to support patient statements with regards to details which

may possibly have excluded them from participation in the study, e.g. a history or drug or

alcohol abuse. For some patients this information was determined from medical notes

provided by staff members.

97



2.3.2 Affective indices

Participants were required to complete a number of affective assessments prior to testing.

All participants completed the Beck Depression Inventory Beck et al., 1961, the Stress
Arousal Checklist Mackay et al., 1978, and the Alderley Park State Anxiety Questionnaire

Walker, 1990. In addition, patients were also retied on the Hamilton Rating Scale for

primary depressive illness Hamilton, 1967.

Beck Depression Inventory (BDI; Beck et al., 1961)
A full description of the BDI and the appropriate procedure can be found in Beck et al.,

(1961). Briefly, the BDI consists of 21 items that deal with various aspects of depressive

symptomology, e.g. mood, sense of failure, sleep disturbance etc. Participants are asked to

indicate which of 4 statements allocated to each item most accurately describes their

emotional state at the time of testing and over the preceding 7 days. The statements

associated with each item are allocated a score from 0-3. Each statement is scored in such a

way that the higher scores are indicative of greater severity of the symptom in question. For

example:

Item 1: Mood
1. I do not feel sad (0)
2. I feel sad (1)
3. I am sad all the time and I can't snap out of it (2)
4. I am so sad or unhappy that I can't stand it (3)

The statements for each item can be read aloud to participants, with participants then asked
to indicate to the experimenter which item they feel is the most accurate description of their
mood. Alternatively, the assessment can be self-administered. The latter approach was

employed in this particular investigation. However, a researcher was available during

completion of this task in the event that participants experienced difficulty in understanding
the statements or were unsure of how to respond.

Individuals were advised as to how to complete the assessment by the investigator, i.e. to

read through each of the items, and to select (by circling the relevant statement number) the
statements in each item that they felt best describes how they were feeling 'today' and have
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been feeling for the previous 7 days. Participants were also advised that if they felt unable to
decide between two statements for a particular item then they should circle both statements.

In accordance with the instructions for rating the ESDI, participants are allocated a score

based on the sum of the statement scores for all of the items. In those instances where a

participant selects two statements for the same item the statement with the greater allocated
score is selected for inclusion in the overall rating. The following interpretation guidelines
were used in this study:

Score range Indication

0-9 Normal range
10-15 Minimal depression
16-19 Mild - moderate depression
20-29 Moderate - severe depression
30-63 Severe depression

Table 2.5: Interpretation guidelines for the BDI. Adapted from Beck (1987). (From the Beck
Depression Inventory)

Based on the above guidelines, a BDI score of less than 9 was deemed appropriate for control

participants. Whereas, a score of greater than 15 was determined to be the minimum

accepted score for patients.

Hamilton Rating Scale for primary depressive illness (HRSD; Hamilton, 1967)
A full description of the HRSD and its administration can be seen in Hamilton (1967). The
HRSD consists of 21 open ended questions, again relating to various aspects of depressive

symptomatology. Either a trained clinician or researcher carries out the assessment. For
each question there is a guide to the types of response that may be given, and how each

category of response should be scored. For example:

Item 1: Depressed Mood
Researcher prompts: What's your mood been like this week?

Have you been down or depressed?
Sad? Hopeless?
In the last week, how often have you felt (OWN EQUIVALENT)?
Every day?
Have you been crying at all?
How long have you been feeling this way?
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Score: 0 - absent
1 - indicated only on questioning
2 - spontaneously reported verbally
3 - communicated non-verbally, i.e. racial expression, posture voice,
tendency to weep
4 - VIRTUALLY always: this is spontaneous verbal and non-verbal
communication

The absence of a particular symptom is always rated as 0 and the maximum score for each
item can vary from 2-4. As with the BDI, the overall rating for the HRSD is calculated by

summing the score allocated for each of the items.

It has been noted (i.e. Frank et al, 1991) that a score of < 7 on the HRSD should be deemed as

asymptomatic, whereas a score > 15 is indicative of an individual being symptomatic for

major depressive illness.

Stress Arousal Checklist (SAC; Mackay et al., 1978)
The SAC is used as a measure of state stress (see Mackay et al., 1978; Cox & Mackay, 1985).
The checklist is underpinned by a two-dimensional model of mood (i.e. Cox & Mackay,

1985). The first dimension relates to feelings of unpleasantness/pleasantness or hedonic tone

(i.e. stress) and the second to wakefulness/drowsiness or vigour (i.e. arousal).

Respondents are presented with a list of 30 different mood adjectives (e.g. 'tense', 'relaxed'

etc). Fifteen of these adjectives are 'positive' and fifteen are 'negative'. Furthermore, each

adjective is accompanied by four different response choices, i.e. ++, +, ?, and -. Twelve of the
items relate to the arousal dimension of the model, with the remaining 18 items relating to

the stress dimension. Participants are asked to rate whether or not the adjective describes
how they are currently feeling, by circling the appropriate response, i.e. definitely -> ++,

more or less -> +, not sure/can't decide -> ?, definitely not -> -.

The recommended scoring of the checklist is to allocate a score of 1 for each ++ or + response,

and a score of 0 for ? or - responses for negative adjectives. Positive adjectives, on the other

hand, are allocated a score of 1 for a ? or - response, otherwise a score of 0 is allocated. Thus

resulting in a range of scores on the stress scale of 0 - 18, and a range of 0 - 12 on the arousal

scale.
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Alderley Park State Anxiety Questionnaire (APSAQ; Walker, 1990)
This particular questionnaire is administered in order to estimate state anxiety. Participants
are asked to respond to 12 items relating to state anxiety. There are 5 'positive' and 7

'negative' statements (e.g. 'I feel I can cope' and 'I am worried', respectively). Participants
are asked to indicate the extent to which each of the statements corresponds to how they are

currently feeling, i.e. 'not at all', 'slightly', 'moderately',' considerably', or 'extremely'. Thus
the potential score range for each item is 0 - 5. For each type of statement (i.e. positive or

negative) the following scores are allocated for each category of response:

Statement Type Response
Not at all Slightly Moderately Considerably Extremely

Positive 5 4 3 2 1

Negative 1 2 3 4 5

Table 2.6: Response ratings for positive and negative items on the APSAQ

Therefore, the maximum potential score on the APSAQ is 60, with a high score being
indicative of a high level of state anxiety.

2.3.3 Cognitive assessments

National adult reading test (NART; Nelson & Willison, 1991)
The NART was used employed in order to estimate the WAIS-R (Wechsler, 1981) full scale

IQ of control participants and the premorbid IQ of the depressed patients). Full details of
the procedure for the NART, normative data, and WAIS and WAIS-R IQ estimations can be
found in the NART test manual (i.e. Nelson & Willison, 1991).

The NART is composed of 50 'irregular' English words, i.e. words that do not conform to

typical or common rules of grapheme-phoneme representation and pronunciation, e.g.

naive. In order to complete the task participants are simply asked to read aloud the list of
words to the experimenter, and are allocated a score equal to the total number of errors that

they make. The predicted equivalent full scale, verbal, or performance IQ can then be
estimated based on the number of errors committed by the participant - e.g. 20 errors

estimated WAIS-R full scale IQ = 106.
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Test of Everyday Attention (TEA; Robertson et at., 1994)
The TEA is a test battery designed to assess performance of everyday tasks reliant on normal
attention function, e.g. searching a map for certain symbols. Each of the subtests of the TEA
has been designed to assess a specific type of attention, i.e. the map search task is designed
to assess selective attention. It is assumed that in normal, healthy adults accurate

performance of each of the subtests is reliant on frontal lobe function.

In order to allow for re-testing of participants on each of TEA tests, there are three versions
of the test battery available, i.e. versions A, B, and C. Each of these versions of the TEA

consists of 8 separate subtests, two of which were employed in the current study. The two
subtests used in this investigation were the 'Elevator Counting with Distraction' and 'Visual
Elevator' tasks.

• Elevator counting with distraction (ECD)
In this particular test of attention participants are asked to imagine that they are to count the
number of floors that an elevator ascends by counting the number of low tones that they
hear in a series of mixed tones, i.e. both high and low. Therefore, in order to perform the
task accurately the participant needs to ignore the high tones in each series. This task has
been designed to assess auditory selective attention and is understood to load on a factor

auditory-verbal working memory.

• Visual elevator (VE)
As with the ECD task, the VE assessment of attention function is essentially a counting task.

Participants are presented with a series of pictures (i.e. ten). Each picture in the series
consists of a number of pictures of a pair of elevator doors, interspersed with both 'up' and
'down' arrows. Participants are asked to determine which floor the elevator will stop at by

counting the number of pictures of doors. They are asked to start by counting 'up', starting
at the first floor. However, each time they encounter an up or down arrow they need to

determine whether to continue or reverse the direction of the lift. Thus, the VE subtest has

been designed to assess attentional switching and hence cognitive flexibility. In addition, it
has also been shown that the number of correct items on the VE task loads on the same

attentional switching factor as the number of categories in the WCST (Robertson et al., 1994).
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Performance on the VE is defined by both the number of correct items, and the average

reaction time per attentional switch for correct items.

For each of these subtests participants are allocated a score based on the number of items
that they respond correctly two (i.e. maximum possible score = 10, in both cases). The raw

scores for participants are then adjusted to allow for the age of the participant. This is
achieved by allocating the participant a 'scaled score', which is based on their raw score and
their age group (these scaled scores are available in the test manual). For example, a 25-year-
old participant obtaining a raw score of 6 on the ECD would be given a scaled score of 7, etc.

In addition to a score for accuracy, in the VE task participants are also allocated a score

based on the average time taken per attentional switch for each correct item (i.e. in seconds).
This raw timing score is also converted to a scaled score based on the participant's age

group, e.g. a 45-year-old participant averaging 4.4 seconds/switch would be allocated a

scaled score of 8.

Both the VE and ECD subtests of the TEA have been shown to have reasonable test/re-test

reliability. Using a one-week test-retest approach, with both normal controls and stroke

patients, the following correlation coefficients were obtained:

Subtest

Pearson Correlations

Normal Controls

(N = 118):
Version A with B

Normal Controls

(N = 39):
Version B with C

Stroke patients
(N = 74):
Version A with B

Elevator counting
with distraction

0.71 0.68 0.83

Visual elevator -
raw accuracy score

0.71 0.76 0.90

Visual elevator -

timing score

0.79 0.70 Not calculated

Table 2.7: Pearson correlation coefficient data for participants tested on either version A then
version B of the TEA, or version B then version C, in a one week test-retest approach

(adapted from TEA Test Manual; Robertson et al., 1994).
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The n-back task

■ Paradigm design in imaging studies
Given that this study was conducted as a pilot to the main functional imaging experiment it
was essential that the working memory paradigm employed was suitable for use in both

neuropsychological and neuroimaging studies. There are a number of potential approaches
to paradigm design that can be utilised in functional imaging studies, including subtractive,

factorial, conjunction and parametric designs (see Figure 2.1). Therefore, it was important
to ascertain which type of experimental design would result in a paradigm that was not only

suitable for this initial study but would give us the best chance of obtaining meaningful data
in latter investigations.

(1)

A B AB ABABA

(2)

A1 B A3 B A2BA3BA1

(3)

A nAB A + 8 nAB B nAB A * B nAB A nAB A ♦ B

(4)
AB AC AD /~\ ABC ADC /"\ ADB

►
Time

Figure 2.1: Illustration of the various approaches to paradigm design in functional imaging
studies: (1) Subtraction, (2) Parametric, (3) Factorial, (4) Conjunction. In all images process

'A' is the process of interest.

The prototypical design employed in functional imaging studies is the 'subtraction'

paradigm. In this approach the first step is to design two cognitive tasks (e.g. tasks A and B)
that are identical apart from the fact that one contains the cognitive process of interest. The
cortical activation associated with this process is then determined through examination of
the differences in the activation associated with performance of the two tasks, i.e. the
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assumption being that any significant changes observed in the task containing the process of
interest but not in the 'control' task are those associated specifically with this process.

While subtraction provides a relatively simple approach to the issues of paradigm design
there are potential flaws with adopting this approach. The most commonly cited issue in the

problem of 'pure insertion', i.e. there is an assumption that addition of the process of interest
does not impact upon the nature of the activation seen during performance of the

experimental task. However, it is entirely likely that in the experimental task this change

may bring about more fundamental changes in the other cognitive processes required to

complete the task, and it may indeed be these alternative changes that are the cause of the
differences in activation seen between the two different tasks.

An alternative approach to subtraction is 'parametric' paradigm design. In parametric

paradigms, rather than comparing the absolute differences between two tasks, a single task
is designed which has an initial baseline level followed by additional task levels of increased

difficulty (e.g. Al< A2 < A3) - i.e. there is variation around a single parameter in the task.
Given that the processes involved in each level of the task are essentially the same the issue

of insertion is removed.

'Factorial' paradigms, on the other hand, examine the interaction between two different

cognitive processes of interest (e.g. process A and process B). In such designs tasks are

designed which involve either process A or process B or both processes. The paradigm is
constructed in such a way that participants undertake one of these possible task conditions

interspersed with a condition that involves neither process of interest (i.e. nAB). One of the
main advantages of this approach is that it allows investigators to examine the possibility of
interaction between different cognitive processes (e.g. where A - nAB o (A + B) - B).

The final approach to paradigm design is the 'conjunction' approach. This strategy may be

employed in those instances where investigators are not interested in the possibility of
interaction between distinct cognitive processes. Essentially conjunction paradigms involve
a series of categorical subtraction experiments, where each experiment is aimed at isolating
the same process (e.g. process A). However, unlike regular subtraction paradigms the
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experimental and control conditions do not only differ in the process of interest but in
several other processes as well.

While both conjunction and factorial designs reduce the likelihood of the problems
associated with subtraction they do not completely eliminate the chance. Parametric

paradigms, on the other hand, apparently appear to overcome this issue completely.

Therefore, given that we were concerned with only one cognitive process (i.e. central
executive function) it was decided that the most suitable type of paradigm to employ in this
series of experiments would be a parametric one.

■ Design of the n-back task (details of the background of the n-back task can be viewed in
Chapter 1: section 1.2)

The n-back paradigm was chosen as a measure of working memory function in this series of
studies for a number of reasons. A primary reason for this choice of paradigm was its

previously demonstrated reliability, i.e. both behavioural and functional, in assessing

working memory ability in normal healthy volunteers. Moreover, the parametric nature of
the n-back task was deemed to be appropriate for enabling the more sensitive examination
of working memory function in MDD patients, i.e. by manipulating the level of cognitive
load it should be possible to determine not only if depression is associated with a

dysfunction of WM but to extent of this deficit. Finally, the fact that the n-back paradigm
can be easily manipulated, based on the demand characteristics of the study, but still retain
the factors that contribute to its reliability, also made it a suitable paradigm for the measure

of working memory function in this project.

As we were dealing with a population who were potentially significantly cognitively

impaired at the time of testing, it was felt that a delayed match-to-sample task variation

might prove too taxing for the patient sample. Therefore, a variation of the n-back task was

developed which is reliant on immediate recall ability for a single stimulus item only.

In our version of the n-back task participants were presented with a series of pictures, each

consisting of four numbered boxes with a coloured dot in one of the boxes (see Figure 2.1).

Participants were then asked to either press the button corresponding to the current position
of the dot (i.e. Shadow/O-back), or to press the button corresponding to where the dot was in
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(A) the previous picture (i.e. 1-back), or (B) two pictures previously (i.e. 2-back), or (C) three

pictures previously (i.e. 3-back). In accordance with normal parametric paradigm design, it
was presumed that the shadow task, while relying on the same perceptive and motor

functions as the other levels of the task, did not have the same reliance on normal working

memory function. It was assumed that by increasing the number of intervening items
between presentation and recall we would increase the memory load on the central

executive, thereby increasing task difficulty in a parametric fashion.

N-BACK

0 1 2 3

NR = NO RESPONSE

Figure 2.2: Illustration of the levels of n-back employed in the current series of experiments

The task was developed using E-prime (Beta 4) software (Psychology Software Tools Inc.,

Pittsburgh, PA), and was presented on a workstation running Windows 98 operating

system.

2.4 Procedure

All participants were tested on an individual basis. Although the majority of participants
were tested at the Division of Psychiatry, a number of the patient sample were tested in a

quiet room in a ward at the Royal Edinburgh Hospital, as a result of their conditions of stay
at the hospital.

In order to protect participant anonymity prior to testing each participant was allocated a

participation code, which was largely based on his or her experimental group. All paper
and electronic data for each participant was recorded using this code. Furthermore, any
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electronic data containing personal details of participants was password protected.

Consequently, the data was stored and analysed in such a way as to make it impossible for
other individuals to identify the contribution of specific individuals to the data profile of
their experimental group.

Participants were first of all required to complete each of the relevant pre-test measures (see

above). Based on these assessments participant suitability was judged. Participants meeting

each of the inclusion criteria then proceeded to complete each of the affective and cognitive
assessments outlined above.

2.4.1 Affective assessments

The first assessment that all participants undertook was the BDI, which, as previously noted,
was self-administered. Participants were advised to read each set of statements carefully,
and to circle which of the four statements presented most accurately described how they
were 'currently' feeling (i.e. at the time of testing) and had been feeling for the preceding 7

days. Although each participant was advised to select only one statement in each item, if

participants enquired what they should do if they felt that they could not decide between
two statements they were advised to circle both items.

As noted above, participant's scores were based on the sum of the statement numbers that

they selected for each of the 21 items. Where participants had selected two statements, the

higher value statement was included in this calculation. Any control participant scoring > 7,
and any patient scoring < 15 on the BDI were then excluded from the study.

Following completion of the BDI, participants were then asked to complete the SAC. They
were advised that they should circle the response for each adjective that was the most

accurate description of how they were feeling 'now', i.e. at the time of testing. They were

also advised to try and complete the assessment as accurately as possible, and to try and go

with their first response to each adjective. Participant scores for each of the two scales, i.e.
stress and arousal, were then calculated as outlined above.

The next assessment that participants completed was the APSAQ. As with the BDI and the
SAC this questionnaire was self-administered. In accordance with the normal procedure for
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the APSAQ, participants were asked to indicate, by ticking the relevant response box, how

they were 'currently' feeling. Participant scores were then calculated as outlined above.

After completion of the other three affective indices, the HRSD was then administered to

patients by either a trained clinician or researcher. Each patient was informed that the
assessment took the form of structured interview, and that the interviewer would be asking
him or her questions relating to various aspects of their depressive illness. Patients were

advised to answer the questions based on how they were feeling at the time of testing and
had been feeling for the preceding week. Again, they were advised to answer all questions
as accurately as possible. Following completion of the HRSD, patient scores were calculated
for both 17 and 21 items.

2.4.2 Cognitive assessments
Test of everyday attention
First of all participants undertook the ECD subtest of the TEA (i.e. version A). The auditory
tones for each stimulus set were presented using the standard tape cassette (provided by
Thames Valley Test Company). Participants were instructed to listen carefully to each set of
tones and to count the number of low tones that they heard in each set while ignoring the

high tones.

In order to ensure that the nature of the task was entirely explicit participants were given the

opportunity to practice the task using two example stimuli sets. The first of these was

counted aloud with the researcher. Once it was ensured that the individual in question

properly understood the nature of the task participants then attempted the second practice
item on their own. Each individual was given the opportunity to repeat each of these

practice items until both the participant and the researcher were confident that the

experimental trials should begin. There were ten experimental trials, and each participant
was allocated an ECD score based on the number of correct responses.

Following completion of the ECD, participants also attempted the VE task (i.e. version A).
The nature of the task was explained to the participant, i.e. that they were required to

determine the destination floor of the elevator, by counting the number of floors that the

elevator either ascended or descended. Participants were then shown two examples of the
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test stimuli (see test manual for details). The experimenter ran through the first example
with the participant until it was apparent that the participant fully understood the nature of
the task. The participant was then given the opportunity to attempt the second practice item

by him/herself. As with the ECD task, participants were free to practice both of the example
items until they felt comfortable starting the experimental trials.

Participants were advised to attempt all ten of the experimental trials, and that they should

begin each new trial only when they felt ready. They were also informed that the task
would be timed and that they should complete each experimental trial in as quickly as

possible.

Each participant was allocated a score based on the total number of correct trials and a score

for the average time taken to make each attentional shift for the number of correct items.
The latter score was calculated by summing the total time taken for all correct items and

dividing it by the sum of the number of switches for those same items. Once the raw scores

for both TEA subtests had been obtained for each participant the relevant scaled score was

also noted and both scores were recorded.

The n-back task

Participants were given a verbal description of the n-back task prior to commencing the

experimental task. The n-back program was then started and participants viewed a number
of instruction screens that outlined the nature of the task in greater detail. Moreover, the
instruction screens included visual illustrations of each of the levels of task difficulty, i.e.

Shadow/O-back, 1-back, 2-back, and 3-back. Each individual was then given the opportunity
to practice each of the different task levels. These practice trials consisted of a single block
each of 1-, 2-, and 3-back trials with a block of the shadow task between each subsequent
level of the task.

Following the practice phase, and once it was ensured that the competently understood the

task, participants began the experimental trials. Individuals were required to perform a total
of ten blocks each of 1-, 2-, and 3-back conditions, with each n-back block being separated by
a block of shadow/O-back. These experimental blocks were presented in the following order:
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start

S1S1S1S1S1S2S2S2S2S2S3

►

S3S3S3S3S3S3S3S3S3S2S2

«.

S2S2S2S1S1S1S1S1 finish

Figure 2.3: Running order for n-back blocks in the n-backtask, i.e. S = shadow, 1 = 1-back,

2 = 2-back, 3 = 3-back

Each experimental block consisted of 10 stimulus items, which were each displayed for 3
seconds (i.e. inter-stimulus interval (ISI) = 3 sec.). Therefore, the duration of each n-back

block was equal to 30 seconds. Consequently, the ideal running time for the completion of
the entire task was just over 30 minutes. However, each of the n-back blocks was preceded

by a prompt screen, which informed participants which version of the task they were to

perform, e.g. "ONE - BACK", and in order to begin each of the experimental blocks (i.e. to
move past the prompt screen) the participant was required to press the space bar.

Therefore, if a participant felt the need to take a short rest between trials then they had this

option. In fact, prior to testing participants were advised that if they felt the need for a rest
between each of the blocks they should feel free to do so. It was felt that this might aid

performance of the entire task for patients given that they may have had an exaggerated

difficulty in maintaining concentration for such extended periods of time. As a result, the
actual time taken for each participant to complete the n-back task varied between subjects.

Nonetheless, it should be noted that in most instances participants chose not to dwell on the

prompt screens for any extended period of time.

2.4.3 Data Analysis
All of the data obtained in this study were analysed using SPSS for Windows (Release 11;

SPSS Inc.). A number of individual analyses were carried out, which will be fully outlined in
the following results section (i.e. Chapter 3). However, the two main analyses were two 2 x

4 mixed ANOVAs, which considered the effect of experimental group (i.e. patient or control)
and level of task difficulty (i.e. 0-, 1-, 2-, or 3-back) on performance on the n-back task, both
in terms of accuracy (i.e. percentage of correct responses) and reaction time.
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Chapter 3: Results - Experiment One
3.1 Affective Assessments

Patients Controls
Mean

Mean (s.d.)
Min-

Max
Mean (s.d.) Min-Max

Difference

HRSD 23.90 (5.79) 11-34 N/A N/A N/A
BDI 33.25 (11.38) 15-51 2.15 (2.11) 0-8 31.10

SAC-

Stress
12.85 (5.89) 0-18 3.50 (4.26) 0-13 9.35

SAC-

Arousal
9.15 (3.48) 1-12 3.70 (2.72) 0-7 5.45

APSAQ 38.00 (9.81) 20-53 19.10 (3.19) 13-25 18.90

Table 3.1: Mean scores on each of the affective assessments: 20 patients vs. 20 controls
(Experiment one).

Independent samples t-tests revealed a significant difference in the scores of patients and
controls for the BDI (i.e. t (20.305) = 12.02, p < 0.001), for both the stress and arousal dimensions
of the SAC (i.e. t (38) = 5.75 and t (38) = 5.52, p < 0.001, respectively), and for the APSAQ (i.e. t

(22.984) = 8.19, p < 0.001), with patients scoring significantly higher than controls on all of these
measures.

However, the distribution of scores, using Shapiro-Wilks (S-W) tests of normality, for each of
the affective measures deviated significantly from a normal distribution (i.e. S-W (40) = 0.85, S-
W (40) = 0.85, S-W (40) = 0.91, & S-W <40) = 0.89, p < 0.001 for BDI, SAC-stress, SAC-arousal, and

APSAQ, respectively). Therefore, in order to assess the reliability of the t-test results, each of
these measures were also subjected to non-parametric analysis, i.e. Mann-Whitney U-test.

The Mann-Whitney U-test also revealed a significant effect of participant group on each of
the affective measures, i.e. BDI U = 0.00, p < 0.001, SAC-stress U = 46.50, p < 0.001, SAC-

arousal U = 50.00, p < 0.001, and APSAQ U = 10.50, p < 0.001.

Therefore, we can conclude that patients did not only exhibit higher levels of depressive

symptoms, as indicated by the significant difference in the BDI scores between participant

groups, but they were also experienced higher levels of state stress, arousal and anxiety at

the time of testing.
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3.2 Test of Everyday Attention
3.2.1 Elevator counting with distraction

Analysis of performance on the elevator counting with distraction subtest of the TEA, i.e.

independent samples t-test, revealed a significant difference between patients and controls
in mean number of correct items. This difference in performance between groups was

apparent in both the raw data and the scaled scores (i.e. t pros) = 2.57, p = 0.015 and t (38) = 2.32,

p = 0.026, respectively).

3.2.2 Visual Elevator

3.2.2.1 Accuracy

As with the elevator counting with distraction task, there was a significant difference
between the experimental groups in mean accuracy (i.e. number of correct items) on the
visual elevator task. Again, a significant difference was evident both in the raw data and in
the scaled scores for each group (i.e. t (25.03) = 3.07, p = 0.005 and t (38) = 2.76, p = 0.009).

Participant Group

Figure 3.1: Average number of correct items (scaled) on each of the TEA subtests -
Experiment 1 (20 controls vs. 20 patients)

3.2.2.2 Timing

In addition to the significant differences between patients and controls in the number of
correct items in each of the TEA subtests, the analysis further revealed a significant
difference between groups in mean reaction time (i.e. time per attentional switch for correct

items) on the visual elevator task. As with the other TEA measures, this significant
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difference was noted in both the mean of the raw reaction time scores and the scaled scores

(i.e. t (22.2i) = -4.92, p <0.001 and t (38) = 5.44, p <0.001).

control dopr»si«d
subject group

Figure 3.2: Mean reaction time (seconds) per
attentional switch on the visual elevator task -

Experimen One (20 patients vs. 20 controls)

subject group

Figure 3.3: Mean scaled score on the visual
elevator task - Experiment One (20 patients
vs. 20 controls)

However, while the scaled scores for the timing scores on the visual elevator task were

normally distributed (i.e. S-W m = 0.98, p = 0.557), it was noted that for accuracy on both the
elevator counting with distraction and the visual elevator tasks the distribution of scaled

scores deviated significantly from a normal distribution (i.e. S-W («> = 0.92, p = 0.007 and S-W

(40) = 0.90, p = 0.002). Therefore, in order to determine the reliability of the findings outlined

above, the accuracy data (i.e. scaled) from each of these was analysed using a suitable non-

parametric test, i.e. Mann-Whitney U-test.

These analyses also revealed a significant difference between patients and controls with

regards to the number of correct items on both the elevator counting with distraction (i.e. U
= 126.00, p = 0.46) and visual elevator (i.e. U = 112.50, p = 0.017) tasks.

It can, therefore, be concluded that patients performed significantly worse than controls on

both the elevator counting with distraction and visual elevator tasks, i.e. in both tasks the

mean number of correct items was significantly lower for patients than controls.

Furthermore, patients were also significantly slower than controls to perform correct items
in the visual elevator task. This was evident in both the mean time per attentional switch in

this task and the scaled scores for each group.
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These observations are indicative of impaired selective attention and cognitive flexibility in
individuals with major depression. Furthermore, they support the notion of a dysfunction
of auditory verbal working memory and psychomotor slowing in the patient group.

3.3 n-backtask

As previously noted, the effects of interest in terms of performance of the n-back task were
the main effect of participant group (i.e. patients vs. controls) and level of task difficulty (i.e.

0-, 1-, 2-, and 3-back). In order to assess the effect of each of these factors two 2x4 mixed

ANOVA's were conducted, i.e. one analysis concerned with accuracy (i.e. percentage

correct) and one concerned with reaction time (ms) on the n-back task.

3.3.1 Accuracy

As a result of the order of presentation of stimulus items, participants responded to a greater

number of 0-back trials than any other n-back level. Therefore, rather than comparing

participants raw scores, scores at each level of n-back were converted to percentage scores.

The percentage correct for each participant and each level of n-back was then used for the
data analysis.

Analysis of the percentage correct at each level of n-back revealed a significant main effect of
level of n-back (i.e. F <1.71,65.13) = 41.68, p < 0.001) and a significant main effect of participant

group (i.e. F <i,38) = 5.93, p = 0.02). However, there was no significant interaction between
these two factors (i.e. F (1.71,65.13) = 1.96, p = 0.156).

Post-hoc paired sample t-tests were conducted to determine between which levels of n-back
there were significant differences in performance (i.e. percentage correct) across the

participant groups. After Bonferroni correction for multiple comparisons (i.e. revised critical
value of p = 0.0167) it was determined that there was a significant difference between

performance at 0- and 1-back (i.e. t (39) = 2.25, p = 0.015), 1- and 2-back (i.e. t <39) = 8.08, p <

0.001), and between 2- and 3-back (i.e. t (39) = 4.15, p < 0.001).

115



100

0 12 3

N-back

Figure 3.4: Mean percentage correct at each level of n-back in experiment one: 20 controls
vs. 20 patients

In addition to the significant main effects outlined above, the data analysis also revealed a

number of significant within-subjects contrasts. With regards to the level of difficulty of n-
back significant reverse Helmert (or difference) contrasts were noted between 1- and 0-back

(i.e. F (i,38) = 5.54, p = 0.024), between 2- and 1-back (i.e. F <i,38> = 65.26, p < 0.001), and between
3- and 2-back (i.e. F <i,38) = 53.90, p < 0.001). The linear contrast for this factor was also

significant, (i.e. F a,38) = 56.78, p < 0.001).

Furthermore, there was also a significant difference observed in the within-subjects reverse

Helmert contrasts for the interaction between the level of n-back and participant group

between the 1- and 0-back levels of the task (i.e. F <i,38) = 4.56, p =0.039). For this interaction

effect all other contrasts failed to reach significance.

Therefore, based on the preliminary data analysis we can presume that both patients and
controls experienced a linear increase in difficulty in performing the n-back task with each
incremental increase in task difficulty, as reflected in the decrease in participant accuracy
with the increase in N. It is also evident that patients perform consistently worse than
controls across the task (i.e. see Figure 3.4), and that this difference is indeed significant.

However, it would appear that this difference in accuracy on the n-back task between the

participant groups is consistent in nature, i.e. patients do not appear to get

disproportionately worse than controls as the level of the task difficulty increases.
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3.3.2 Reaction time

The second 4x2 mixed ANOVA comparing the reaction time differences across the levels of

task difficulty and between the subject groups also revealed a significant main effect of level
of n-back (i.e. F <1.934,73.484) = 15.34, p < 0.001) and a significant main effect of participant group

(i.e. F (i,38) = 25.16, p < 0.001). Furthermore, there was an observed significant interaction

between these two factors (i.e. F (1.934,73.484) = 4.18, p < 0.02).

The significant within-subjects contrasts observed in this analysis included significant

quadratic and cubic contrasts for both level of n-back (i.e. F a,38) = 6.81, p = 0.013 and F (1,3s) =

5.19, p = 0.028) and for the interaction between level of n-back and participant group (i.e. F

(1,38) = 4.40, p = 0.043 and F <i,38> = 10.53, p = 0.002). The linear contrast for level of n-back was
also significant, (i.e. F (i,38) = 19.82, p < 0.001).

N-back

Figure 3.5: Mean reaction time (ms) at each level of n-back: Patients vs. controls

Post-hoc paired samples t-tests, using Bonferroni correction for multiple comparisons,

revealed a significant difference in the mean reaction time across groups between 0- and 1-

back levels of task difficulty (i.e. t (39) = 4.40, p < 0.001). However, there was no significant
difference observed between 1- and 2-back task levels (i.e. t (39) = 1.06, p = 0.296), nor between
2- and 3-back levels (i.e. t (39) = 1.64, p = 0.109).

Moreover, post-hoc independent samples t-tests, again using the Bonferroni correction,
revealed a significant difference between patients and controls at all levels of the n-back task
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(i.e. O-back t ps) = -2.93, p = 0.003,1-back t (27.96O) = -5.42, p < 0.001, 2-back t (38) = -4.49, p < 0.001,
3-back t (27.H7) = -3.99, p < 0.001).

Based on this preliminary analysis of the data we may presume that patients are

significantly slower than controls to respond to stimulus items at all levels of the task. As

with the differences observed in accuracy, it would appear that this deficit is consistent in

it's nature, in so much as the disparity in the reaction times of patients and controls does not

appear to either increase nor decrease across the levels of the task.

Furthermore, it may be presumed that while the reaction times of both patients and controls
decreases (i.e. they get faster) between the baseline level of the task (i.e. 0-back) and the

subsequent task levels, there is no relative speeding up or slowing down between the 1-, 2-,
and 3-back levels.

These findings support the idea of impairment in working memory function in the

depressed patients, accompanied by significant psychomotor slowing in this group.

3.3.3 Controlling for demographic differences between participant groups

While attempts were made to match the depressed patients with controls of the same age,

gender, and IQ, the resultant samples did differ significantly in their mean NART estimated

IQs. More specifically, it was noted that the mean IQ of controls was greater than that of

patients (i.e. t (37.477) = 2.46, p = 0.019), despite a similar range of scores in each group (i.e.

range for controls = 97 - 127, range for patients = 96 - 129). This was of some concern given

previous observations of the relationship between specific measures of performance, such as

tests of psychomotor function (e.g. inspection time) and measures of individual difference
such as IQ (e.g. Deary & Stough, 1996; Deary, McCrimmon & Bradshaw, 1997). Therefore, in
order to attempt to control for the effect of any difference in IQ between the patients and
controls on the results noted above two mixed analyses of co-variance were carried out, i.e.
one for accuracy and one for reaction time data. The same factors were entered into these

analyses as were entered in the previous ANOVA calculations (i.e. level of difficulty of n-
back and participant group). However, this time NART estimated IQ was included as a co-

variate.
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3.3.3.1 Accuracy

As opposed to the previous analysis of accuracy on the n-back task, there was no observed

significant main effect of level of n-back when IQ was entered as a co-variate (i.e. F (3,111) =

1.97, p = 0.123). However, there was still a significant main effect of participant group (i.e. F

(i,37) = 6.856, p = 0.013).

In addition, there were two significant interactions noted in this analysis. The first of these
was the interaction between level of n-back and IQ (i.e. F (3,111) = 3.30, p = 0.023). The
interaction between level of n-back and participant group was also significant (i.e. F (3,111) =

2.70, p = 0.049).

In order to determine at which levels of n-back participant IQ has a significant impact upon

performance post-hoc correlations were carried out. It was found that NART estimated IQ
was correlated significantly with performance at the 0-back level of the task (i.e. r = 0.33, p =

0.039). However, there was no significant correlation between IQ and performance at any

other of the task levels. It should be noted, however, that if we were to correct for multiple

comparisons this correlation would become non-significant.

Mean Percentage Correct - 0-back

Figure 3.6: Scatterplot of participant's NART estimated IQ against the percentage of items
correct at the 0-back level of the n-back task.

With regards to the within-subjects contrasts, a significant linear contrast was observed with

regards to the interaction between participant IQ and level of n-back (i.e. F (1,37) = 4.12, p =

0.05). All other within-subjects contrasts were non-significant.
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Post-hoc independent samples t-tests revealed a significant difference between patients and
controls on 0-back (i.e. t <38) = 2.39, p = 0.022), 1-back (i.e. t po.787) = 2.69, p = 0.007), and 2-back

(i.e. t <33.47) = 2.43, p = 0.01) task levels, but not at the 3-back level (i.e. t (38) = 1.41, p = 0.084).

However, after adjusting the critical value of p in order to control for multiple comparisons,

it was concluded that the only significant differences between patients and controls had
occurred at the 1- and 2-back levels of the n-back task.

It can, therefore, be concluded that while performance, in terms of accuracy, does decline
with increasing level of difficulty of n-back, this decline is not statistically significant when
we control for participant IQ. Furthermore, it may be inferred that the effect of IQ on

performance of the taskmay only be significant at the baseline level of the task.

Finally, we can conclude that not only do patients perform worse than controls on the n-back

task; but that when IQ is controlled for there is an apparent increase in the effect of

diagnosis. Moreover, it would appear that the differences observed between the

experimental groups is underpinned by a significant difference in performance at the 1- and
2-back levels only.

3.3.3.2 Reaction Time

As with the accuracy analysis, when IQ was entered as a co-variate in the analysis, there was
no significant main effect of n-back on participant reaction time (i.e. Fp.ni) = 1.85, p = 0.142).
There was also no significant interaction between level of n-back and participant IQ (i.e. F

(3,ni) = 1.23, p = 0.303). However, there was both a significant main effect of participant

group (i.e. F (1,37) = 21.90, p < 0.001) and a significant interaction between participant group
and level of n-back (i.e. F (3,111) = 4.94, p = 0.003).

In addition, while there were no significant within-subjects contrasts with regards to level of
n-back or it's interaction with participant IQ, there were both linear and cubic contrasts for
the interaction between level of n-back and participant group (i.e. F (1,37) = 4.54, p = 0.040 and

F (1,37) = 9.41, p = 0.004, respectively).

In order to determine the nature of the interaction between participant group and level of n-

back, post-hoc one-way within subjects ANCOVAs were carried out. Each of these analyses
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estimated whether there was a significant difference between depressed patients and healthy
controls at each level of n-back, after controlling for participant IQ. The results of these

analyses were indicative of significant main effect of participant group at all levels of n-back

(i.e. 0-back: Fa,37)= 5.79, p = 0.021; 1-back: Fa,37)= 24.59, p < 0.001; 2-back: Fa,37)= 18.29, p < 0.001;
and 3-back: Fa,37)= 15.91, p <0.001). Thus, indicating that the interaction effect was due to

differences in the magnitude of the discrepancy in performance of patients and controls and
each level of the task, after controlling for IQ.

Therefore, we can conclude that not only does participant IQ have a significant effect on the
effect of level of n-back with regards to accuracy but also significantly impacts any effect

relating to mean reaction time. However, it would appear that any differences in the

performance of patients and controls were not necessarily affected by the disparity in mean

IQ between the groups. This is evident in both the consistency of the main effect of

participant group and interaction between participant group and level of n-back across the
two separate analyses.

3.4 Effect of clinical variables upon cognitive performance

As previously noted, some studies have highlighted the impact of clinical dimensions on

participant outcome on measures of cognitive performance. For example, factors of interest

highlighted in other studies have included aspects of illness such as severity of depression,
and duration of illness, although there is considerable disparity regarding the importance of
such factors on task performance. Therefore, further exploratory analyses (i.e. Pearson's

product moment correlations) were carried out to examine the relationship between the
clinical measures obtained in this study and the measures of cognitive performance (i.e. TEA

subtests and n-back measures) in the patient sample.

Significant correlations were only observed between the length of time since initial diagnosis
and mean percentage correct at the 2- and 3-back levels of the n-back task (i.e. r = -0.51, p =

0.021 and r = -0.52, p = 0.020, respectively) and between BDI score and mean percentage

correct at the 3-back level only (i.e. r = -0.56, p = 0.011). Therefore, it appears that duration of

illness and self-assessed severity of depression may have a possible effect upon performance
but only at the more difficult levels of the task.
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Chapter 4: Methodology - Experiment Two
4.1 Design

As with experiment one, a case control study with a single between subjects factor of

participant group (i.e. depressed patients vs. healthy controls) and the within subjects factor
of level of difficulty of n-back (i.e. 0-, 1-, 2-, and 3-back) was used to test the experimental

hypotheses. In terms of behavioural performance, the dependent variables were mean

percentage correct and mean reaction time, at each level of n-back, with both simple group

and task difficulty effects and group x task difficulty interactions being of interest.

Participants' performance on the n-back task was assessed while undergoing a functional
MRI scan, i.e. using BOLD-sensitive, echo planar imaging (EPI), with a parametric, block

design. Therefore, the additional dependent variables in the present study were increases

and decreases in regional brain activity with increasing task difficulty (i.e. in both patients
and controls), and relative increases and decreases in functional activation between patients

and controls associated with the linear increase in the level of difficulty of the n-back task.

4.2 Participants
4.2.1 Recruitment

The recruitment of participants for this study was covered by the same ethical and

management approval as was obtained for the first study. This was due to the fact that a

single submission was made to the appropriate ethics committees detailing both

investigations, with the first study being noted as a pilot investigation and the second study
as the main experiment.

4.2.1.1 Patient recruitment

A number of patients who participated in the first study also chose to participate in the
functional MRI investigation. In order to recruit the additional participants required for the

study the same prospective approach to patient recruitment that was used in the pilot study
was employed (see Chapter 2 for full details).

In brief, staff at the Royal Edinburgh Hospital that were involved in care of patients were

provided with the two information sheets (i.e. 'Information for Medical Staff and 'Patient
Information Sheet': see Appendix 2). They were asked to confer the participant information
sheet upon any individuals in their care who they felt would be suitable to take part in the
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study and who would be able to take part. Staff were also asked to provide details of those

patients who were interested in participation to the researchers. Moreover, they were asked
to provide details of other salient information about the patient, e.g. if there was any known

history of drug or alcohol abuse.

This approach to patient recruitment was supplemented by regular visits and telephone calls
to the hospital wards and day hospitals to check on recent admissions and status of patients
who were likely to suitable for participation.

Once suitable individuals had been identified they were contacted directly by the
researchers. The full outline of the aims and methods of the study were then explained to

the individual in question, and they were given the opportunity to ask any questions they
had regarding the investigation. Patients were given a minimum of 24 hours to consider

participation, during which they were advised to discuss participation with their friends and

family, as well as those responsible for their psychiatric care. If after careful consideration
the patient was willing to participate in the study arrangements were made for pre-testing (if

necessary) and scanning sessions, and their consultant was notified of the patient's intention
to participate in the study.

4.2.1.2 Control recruitment

As with the patient participants, some of the control participants in experiment two had also

participated in the pilot study. The remaining control participants were recruited

opportunistically. Potential controls were approached based on either an expressed interest
in participation in the study or through recommendation from colleagues, and were selected
based on their ability to fulfil the criteria used to match controls to patients (see Chapter 2:

Methodology: Experiment One). Individuals who were willing to consider participation as

a control participant were given a copy of the information sheet for participants, and asked
to take a minimum of 24 hours to consider participation. It was also recommended that they
discuss participation in the study with their friends and family.

While the control sample included staff of the University of Edinburgh, Division of

Psychiatry and the Royal Edinburgh Hospital, it was ensured that all individuals were

123



aware that participation was entirely voluntary and that no control participant was involved
in a dependent relationship with any of the researchers.

4.2.2 Participant details

Participants were ten individuals with a diagnosis of major depressive disorder and ten

matched normal, healthy controls. Patients and controls were matched as closely as possible
for age, gender, and IQ (see Table 4.1). Where possible they were also matched as closely as

possible for occupation. Within the patient sample there was one left-handed and nine

right-handed participants. All of the control participants were right-handed.

Patients were either in- or out-patients (i.e. 3 and 7 respectively) of the Royal Edinburgh and
associated hospitals. They were selected on the basis of a diagnosis of major depressive
disorder (as confirmed by a member of staff involved in their psychiatric care) and a

minimum score of 15 on both the BDI and HRSD at the time of testing.

Participant group Mean age (years) (mean(s.d.)) Mean IQ (meanis.d.)) Male: Female

Patients 31.9 (7.42) 107.2 (7.53) 2:8

Controls 30.6 (8.18) 112.1 (8.40) 3:7

Table 4.1: Summary of participant demographic details: Experiment Two

All participants were required to meet the same exclusion criteria as experiment one (see

Chapter 2). However, in addition, given that participants were required to undergo

magnetic resonance imaging, it was ensured that individuals met the following additional
exclusion criteria: No history of head surgery; no metal fragments in any part of the body

(e.g. shrapnel), either past or present; no previous injury incurred while working with metal
which required medical attention; and no metal implants e.g. joint replacement, Harrington
rods etc.

It was also noted whether participants wore dentures, a dental plate, a brace, contact lenses,
a hearing aid, an intrauterine contraceptive device (IUCD) or sterilisation clips.

Within the depressed participant group nine patients were taking anti-depressant
medication at the time of participation (see Table 4.2). One patient was taking a combination
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of medications at the time of participation, i.e. tryptophan, trazodone, and diazepam. The

single patient participant who was not medicated had been medication free for a period of 2
months prior to participation. This patient had previously been prescribed a course of
venlafaxine.

Anti-depressant medication Class Number ofparticipants
Clomipramine Tricyclic 1

Imipramine Tricyclic 1

Reboxitine NARI 1

Trazodone SSRI 1*

Tryptophan Amino acid 1*

Venlafaxine SSRI & NARI 5

Table 4.2: Antidepressant medication prescriptions of patient participants - Experiment two.
(* = Same participant)

Eight patients and five controls that participated in the current experiment had previously
taken part in the pilot study. As a result of this these individuals had already completed one

full trial of the n-back task prior to scanning. For this reason all novel participants were

given an opportunity to complete a practice session on the n-back task prior to scanning. It
was felt that this was particularly advantageous with the patient sample as it ensured that

patients were capable of undertaking the task. Accordingly, any patients likely to

experience a catastrophic reaction to testing could be deselected prior to scanning.

4.2.3 Excluded/withdrawn participants

Three patients were recruited via the procedure outlined above but failed to score a

minimum of 15 on the HRSD, and thus were excluded from any further testing. A further

eight patients were approached by their consultant and agreed to participate in the study,
but failed to respond to numerous attempts to contact them and arrange appointments for

testing. In addition one patient experienced a catastrophic reaction to testing during the

practice session, and was therefore excluded.

Furthermore, two volunteers who were initially selected to participate as matched controls
were also excluded from the study. After recruitment it was discovered that one of these
controls had suffered a number of mild head injuries in childhood, and had experienced a

brief episode of depression during adolescence. The second of these two controls, while
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having not been diagnosed with major depressive disorder, had previously been prescribed

anti-depressant medication. Therefore, in order to preserve the integrity of the control

sample it was deemed appropriate to not include either of these individuals.

4.3 Materials (see Appendix 2)
4.3.1 Pre-test materials

The same participant information sheet and consent form as were used in the first study
were employed in the current investigation. Three additional pre-test measures were also

employed in this study. The first of these was a medical questionnaire similar to the one

employed in experiment one. However, in the version for this study, participants were also
asked to indicate whether they were left or right handed.

The second measure completed by participants was a pre-scan questionnaire designed to

ascertain whether, or not, there were any grounds for exclusion from MRI scanning (as per

the additional exclusion criteria outlined above). For example, participants were asked to

whether they had any metal objects or fragments in any part of their body.

The final pre-test measure was a patient information sheet. This form was constructed for
use by a member of the staff involved in patient care for the provision of patient information
relevant to participation in this study.

4.3.2 Affective indices

The affective assessments used in this study were the Beck Depression Inventory Beck et al.,

1961, the Stress Arousal Checklist Mackay et al., 1978, the Alderley Park State Questionnaire

Walker, 1990, and the Hamilton Rating Scale for Primary Depressive Illness Hamilton, 1967.
An account of the nature of these assessments and a brief description of their administration
can be seen in Chapter 2.

4.3.3 Cognitive assessments
National Adult Reading Test Nelson & Willison, 1991

The NART was employed in order to obtain an estimate of WAIS-R Full Scale IQ - i.e.

current IQ in the controls and premorbid IQ in the patient sample.
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The Test of Everyday Attention Robertson et al., 1994

The same subtests of the TEA that were used in the pilot study were used in the current

investigation, i.e. the Elevator Counting with Distraction and Visual Elevator subtests.

The n-back task

The n-back task that we created was specifically designed in order to make it appropriate
not only for neuropsychological testing but for use in functional imaging investigations.

Therefore, we were able to utilise the same version of the n-back task as was employed in the
first experiment in this study. The structure of the task was identical to the original version;

however, the program for the paradigm was altered in order to make the task compliant
with the software used to present stimuli in the scanner (i.e. Integrated Functional Imaging

System (IFIS; Psychology Software Tools). This alteration simply involved editing the

original E-prime programme file by including a number of IFIS extensions that allow the

task to be synchronised with the scanner. The aim of this type of editing of the task is to

ensure that the presentation of the behavioural paradigm will be appropriately co-ordinated
with the acquisition of the functional imaging data.

Additional editing of the task focussed on the length of the paradigm. Given the relatively

large number of repetitions of the levels of the n-back task employed (i.e. 10 blocks of each of

1-, 2-, and 3-back, and 30 blocks of 0-back) the original running time of the task was

approximately 30 minutes. Therefore, it was decided that it would be advantageous to

separate the original task into two distinct experimental blocks, each consisting of five trials
of 1-, 2, and 3-back with each of these blocks being separated by a block of 0-back.

The final alteration that was made to the n-back task was the revision of the length of each
individual block of n-back. In the original paradigm there were equal numbers of items in
each n-back trial. Given that a block of 0-back preceded each block of 1-, 2-, and 3-back there
was a considerably greater proportion of 0-back trials than any other single type of n-back
trial. As we were more interested in the pattern of activation associated with the increased
load on the central executive, rather than that associated with the baseline processes, it was

decided that we should alter the number of 1-, 2-, and 3-back trials in order to increase the

proportion of data acquired relating to these experimental manipulations. Therefore, 1-, 2-,
and 3-back trials were extended to include the presentation of 14 stimulus items within each
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block. Accordingly, the blocks of 0-back were reduced to the presentation of 9 stimulus
items.

4.3.4 Scanner specifications and scanning protocol

All participants were scanned in a 1.5 T GE Signa MRI scanner, which was located at the
SHEFC Brain Imaging Research Centre, at the Western General Hospital, Edinburgh.
BOLD sensitive echo planar fMRI images were acquired with a TR of 2.5 seconds, and a TE

of 40 milliseconds. The flip angle was 90°, with a field of view of 24 cm. The in plane
resolution was 64 x 64, with a plane orientation that was near axial (i.e. aligned in parallel
with the anterior commisure-posterior commisure (AC-PC) line). All functional scans were
5mm in thickness with no slice gap, thus a total of 30 slices were obtained. Data was

acquired for two functional sessions, with each functional acquisition being 18 minutes 55

seconds in length (see details below). T2 and T1 weighted structural images were also
obtained for each participant. The scanning parameters for these acquisitions were as

follows:

Tl weighted structural image
acquisition

T2 weighted structural image
acquisition

TE (milliseconds) Min full 102

TR (milliseconds) - 6300

TI (milliseconds) 600 -

Flip angle 15 -

Field of View 22 24

Matrix 256 x192 256 x 256

Slice thickness (mm) / No. of
slices

1.7/128 5/20

Slice Gap (mm) 0 1.5

Time (mins) 7min 15 sec 1 min 41 sec

Table 4.3: Technical parameters for T1 and T2 weighted structural image acquisitions -
Experiment two.

4.4 Procedure

4.4.1 Pre-test measures

As in the original study, participants were provided with the information sheet a minimum
of 24 hours prior to participation, and were given the opportunity to pose any queries that

they had about the nature of the study to the researchers. They were also advised to consult
medical staff (where applicable) and their friends and family regarding participation.
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Participants were asked to sign three copies of the consent form, one copy for their own
records, one for the researchers, and, in the case of patients who participated, one copy to be

appended to their medical records. Furthermore, all participants were asked to complete
two pre-test questionnaires, i.e. the medical questionnaire and a pre-scan questionnaire, as

previously outlined.

4.4.2 Affective assessment

All affective indices were completed on the day of participation, prior to the commencement
of scanning. All participants completed the BDI Beck et al., 1961, the SAC Mackay et al.,

1978, and the APSAQ Walker, 1990 prior to commencing scanning. Patients were

additionally required to complete the HRSD Hamilton, 1967.

In addition, for each patient who participated, an individual involved in patients' psychiatric
care was asked to complete a patient information sheet. As in experiment one, this form was

used to corroborate information the patient had provided regarding their medical

background and to acquire any additional information which may have been of interest to
the researchers, e.g. current medication (including dosage), length of depressive illness etc.

4.4.3 Cognitive assessment

Prior to scanning, all participants completed the two TEA subtests Robertson et al., 1994.

Participants who had not previously participated in the first experiment also completed the
NART Nelson & Willison, 1991 and the original version of the n-back task (see Chapter 2 for

details). This latter assessment was done in order to match participants who only

participated in the second study with those who had participated in both studies in terms of
level of practice on the n-back task.

4.4.4 Functional magnetic resonance imaging
4.4.4.1 Paradigm presentation
In functional MRI there are two typical strategies used for the presentation of behavioural

paradigms, i.e. block-design and event-related. Block-design presentation involves

determining the changes in cerebral activation during performance over the extended period
of a block of a particular task. Event-related presentation, on the other hand, is concerned
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with measuring the level of activation across the cortex (or in regions of interest) at a discrete
time point that corresponds to the presentation of a specific stimulus or a specific response.
While event-related presentation can result in reduced motion artefacts and practice effects,

block-design does have the advantage of being a relatively simple and robust approach to

activation studies, and can give researchers a better signal to noise ratio. Therefore, the
current study decided to take an initial block-design approach to the presentation of the n-

back task. However, the design of our original paradigm also allowed for the potential

analysis of event-related responses at a later date if necessary.

The n-back task was presented visually to participants in the scanner using a LCD display
mounted on the head coil (IFIS: Psychology Software Tools, Pittsburgh, PA). Once the

participant's comfort in the scanner had been assured it was determined whether or not they
could adequately read information presented on this display. Prior to the practice phase

participants viewed a number of instructions screens, which outlined the nature of the task
in general and the nature of each of the various levels of n-back. They were instructed to

respond using the pushbutton units (IFIS: Psychology Software Tools, Pittsburgh, PA). Each
unit is ergonomically-shaped, with a pushbutton beneath the thumb and each fingertip.
Each participant was provided with a right-hand pushbutton unit and was advised that, in
terms of responding, the fingers of the right hand should be considered as relating to

positions 1-5 moving from left to right, from the thumb (i.e. position 1).

For the purposes of scanning there were three n-back phases, i.e. an initial practice phase,
followed by two experimental phases. Although all participants had completed an entire
run of the n-back task it was felt that a practice within the scanner would be advantageous

as it would give each individual the opportunity to get used to both the type of display and
the response units. In this practice phase participants were given the opportunity to attempt
a block each of 1-, 2-, and 3-back, with each block being separated by a block of 0-back. In
the experimental trials participants completed five blocks each of 1-, 2-, and 3-back, again
with a block of 0-back occurring between each (i.e. resulting in a total of 15 blocks of 0-back).

As a result of the changes made to the experimental paradigm there was a notable change to

the total run time of the n-back task. Each stimulus item was presented with an ISI of 3
seconds. Given that there was 9 items in each 0-back block and 14 items in all other n-back

130



blocks, the length of each 0-back block was 27 seconds, with all other n-back blocks having a

total length of 52 seconds Furthermore, between each n-back block a prompt screen,

indicating which task (i.e. 0-, 1-, 2-, or 3-back) the participant was to perform appeared for 3
seconds. The resultant length of the practice phase was, therefore, 6 minutes and 15 seconds,
with each of the two experimental phases having a run time of 18 minutes and 55 seconds

(see Figure 4.1).

Practice Phase

S 1 S 2 S 3
♦ ♦

Start Finish

Experimental Phase 1

Start

♦ ►

S1S1S1S1S1S2S2S

♦

2S2S2S3S3S3S3S3

Finish

Experimental Phase 2

Start

S3S3S3S3S3S2S2S

2S2S2S1S1S1S1S1

Finish

Figure 4.1: Running order for presentation of n-back blocks in each phase of the n-back task
during functional imaging - Experiment two. Note: S = shadow, 1=1-back, 2=2-back, and

3=3-back.

A functional pre-scan and the T2 weighted structural scan were acquired during

performance of the practice phase. Participants then attempted the first experimental phase,
which was followed by the T1 weighted structural scan. Following this scan the second
functional pre-scan was conducted. On completion of this scan participants attempted the
second experimental phase.
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As previously noted, participants performance on each of the n-back trials was recorded in
terms of accuracy (i.e. correct or incorrect) and reaction time (in milliseconds).

4.4.5 Data Analysis

Full details of all analyses (behavioural and functional) can be seen in the following chapter

(i.e. Chapter 5: Results: Experiment Two).

4.4.5.1 Behavioural Data

The behavioural data were analysed using SPSS for Windows (Release 11; SPSS Inc.). The
main analyses were two 4x2x2 mixed ANOVA's, considering the effect of level of n-back
task difficulty (i.e. 0-, 1-, 2-, or 3-back), participant group (i.e. patients vs. control), and

imaging session (i.e. experimental phase 1 vs. experimental phase 2), on both accuracy (i.e.
mean percentage correct) and reaction time. In addition, independent samples t-tests were

conducted to compare patients and controls on each of the other measures obtained during
the study.

4.4.5.2 Imaging Data
Functional imaging
All functional data were processed and analysed using SPM99

(http://www.fil.ion.ucl.ac.uk/spm), running in MATLAB (Mathworks, Natick, MA, USA).

■ Data preprocessing

Prior to preprocessing, participants BOLD EPI images were reconstructed to ANALYSE
format (Mayo Foundation, Rochester, MN, USA). For each participant, EPI volumes were

then realigned to the first volume in the series using rigid body transformation. Following

realignment the movement parameters for each participant were examined in order to

determine the degree ofmovement of participants in the scanner, during functional imaging.

The functional imaging data were then normalised. Given the noted occurrence of lesions in
the temporal cortex in two of the depressed patients (see section 5.6 for details), prior to
normalisation each participant's EPI images were co-registered to their own T1 structural

image. The functional images were normalised using a linear affine transformation
followed by non-linear deformations, and were resampled using sine interpolation to cubic
voxels of size 8mm3 (i.e. 2x2x2 mm).
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The normalised images were then smoothed spatially, in order to minimize residual inter-

participant differences, using a 3D Gaussian filter (i.e. 6x6x6 mm3 FWHM (full width half

maximum)).

■ Data analysis
Fixed effects analyses were initially calculated to determine linear increases and decreases in
activation in individual voxels with increasing task difficulty, using a block design, for

patients and controls. In addition, fixed effects analyses were then conducted in order to

compare patients and controls in terms of relative differences in increased and decreased
activation associated with increasing task difficulty.

Second level (i.e. 'random effects') analyses were then conducted in order to account for the
influence of individual variability on the observed pattern of activation. These analyses

were based upon the outcomes of the fixed effects contrasts for each individual participant.
As with the fixed effects, random effects were calculated for the voxels of increased and

decreased activation in controls and patients, associated with the linear increase in difficulty
of n-back, and for the relative differences in activation between patients and controls.

As a result of some of the behavioural observations (see Chapter 5) it was decided that we
should consider the pattern of activation associated with correct responses only in patients

and controls. Therefore, a series of event-related analyses were conducted. Instances where
both patients and controls performed accurately were isolated and analysed for changes in
activation at each level of task difficulty and associated with the linear increase in n-back

difficulty. In addition the data was also analysed for relative differences in activation

associated with correct responses only between the patients and controls. Moreover,

comparisons were made between instances where patients performed the task correctly and
when they performed the task incorrectly, at each level of n-back. Again, both fixed and
random effects models were calculated.

Structural data

The T1 weighted structural images from each participant were examined for any evidence of
structural deficit.
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Chapter 5: Results - Experiment Two

Analysis of T1 weighted structural images revealed structural anomalies in three

participants in the patient sample (see imaging results below for details). Detailed analysis
of these apparent structural deficits revealed that in two of the three patients the anomalies
in regions of cortex that were not involved in, or significantly close to, the average pattern of
activation seen in the patient group during performance of the n-back task. Therefore, these
individuals were included in the functional imaging analysis. The structural deficit in the
third patient was determined to be in a region that was proximate to areas of functional
interest. Accordingly, this patient was excluded from the analysis of functional imaging
data.

In addition, a functional artefact was observed in the temporal lobes of one control

participant (see imaging results below for details). Although there was no structural deficit
associated with this dysfunction (as determined by examination of the T1 weighted
structural image for this participant), there was a significant artefact on the EPI images
obtained for the individual concerned. Consequently, this participant was also excluded
from the analysis of functional images.

Therefore, the sample size for patients and controls was reduced to 9 for both groups in the
functional imaging analysis. However, given that all participants met the criteria for

participation, it was assumed that the behavioural data collected from all individuals during
functional data acquisition was still valid with respect to behavioural and

neuropsychological observations. Therefore, two behavioural analyses were conducted, i.e.
an initial analysis including all participants involved in scanning and a secondary analysis

involving only those participants whose data was included in the analysis of functional

imaging.

5.1 Behavioural Results: All Participants
5.1.1 Affective indices

Independent samples t-tests revealed significant differences between the patients and
controls on the BDI (i.e. t <9.07; = 6.43, p < 0.0005), on the stress and arousal dimensions of the
SAC (i.e. t (9.77) = 4.02, p = 0.0015 and t (is) = 4.51, p < 0.0005, respectively), and on the APSAQ

(i.e. t (10.75) = 3.81, p = 0.0015).
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Patients Controls
Mean

DifferenceMean (s.d.)
Min-

Max
Mean (s.d.) Min-Max

HRSD 21.10 (5.55) 15-32 N/A N/A N/A
BDI 28.00 (13.44) 10-51 0.60 (0.89) 0-2 27.40

SAC-

Stress
9.70 (6.12) 1-17 1.10 (1.37) 0-4 8.60

SAC-
Arousal

8.60 (3.59) 3-12 2.50 (2.32) 0-5 6.10

APSAQ 34.30 (12.99) 20-58 17.90 (4.07) 12-27 16.40

Table 5.1: Mean scores on each of the affective assessments in experiment two: Patients vs.
controls

However, as with the previous study, the distribution of scores on each of the affective
measures deviated significantly from a normal distribution (i.e. BDI S-W (20) = 0.82, p = 0.002;
SAC-stress S-W <2o> = 0.76, p < 0.001; SAC-arousal S-W (20) = 0.90, p = 0.042; and APSAQ S-W

(20) = 0.85, p = 0.006). Therefore, the scores on each assessment were further compared using

a series ofMann-Whitney U tests.

The non-parametric analyses also revealed a significant difference between the experimental

groups on the BDI (i.e. U = 0.00, p < 0.001), on the stress and arousal indices of the SAC (i.e.

U = 9.50, p = 0.001 and U = 10.00, p = 0.002), and on the APSAQ (i.e. U = 4.00, p < 0.001).

Therefore, it can be concluded that not only did the patients exhibit a significant level of

depression in comparison to the controls, but they also experienced significantly higher
levels of state stress, arousal, and anxiety at the time of testing.

5.1.2 Test of Everyday Attention
5.1.2.1 Elevator Counting with distraction

Independent samples t-test analysis of the elevator counting with distraction data revealed
no significant difference between the experimental groups in the average number of correct

responses. This was true for both the raw scores (i.e. t (is) = 0.00, p = 1.00) and the scaled
scores (i.e. t <i8> = -0.45, p = 0.329).
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5.1.2.2 Visual Elevator

Independent samples t-tests were also used to compare patient and control performance on

the visual elevator task (i.e. accuracy and reaction time).

5.1.2.2.1 Accuracy

While there was a significant difference between patients and controls on the raw accuracy

scores (i.e. t <is) = -1.95, p = 0.034) the scaled scores of the two experimental groups on the

accuracy measure of the visual elevator task were not significantly different (i.e. t m = -1.47,

p = 0.079).

Experimental Group

Figure 5.1: Comparison of mean scaled scores for accuracy on the elevator counting with
distraction and visual elevator subtests of the TE - Experiment two (10 patients vs. 10

controls).

5.1.2.2.2 Timing

The t-test analyses also revealed a significant difference between patients and controls with

respect to the average time taken per attentional switch on the visual elevator subtest. The

experimental groups differed in both the mean raw scores (i.e. t (9.68) = 2.24, p = 0.025) and the
mean scaled scores (i.e. t (n.83> = -2.408, p = 0.017) on this measure.

Therefore, it can be concluded that there was no evidence of a dysfunction of selective

attention, cognitive flexibility, or auditory-verbal working memory in the patient group (as

compared with healthy controls) in this study. However, the significant differences between

patients and controls on the timing measure of the visual elevator task is indicative of

psychomotor slowing associated with the experience of major depression.
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Figure 5.3: Mean scaled score on the visual
elevator task - Experiment two (10 patients vs.
10 controls)

5.1.3 n-back task

The performance of participants on the task, as undertaken during functional imaging, was

analysed using two 2x2x4 mixed ANOVAs, i.e. one for accuracy and one for reaction time.
The main factors of interest were participant group (i.e. patients vs. controls) and level of

difficulty of n-back. Although the effect of scanning session (i.e. session 1 vs. session 2) was
not considered as an important factor in the formation of the experimental hypotheses for
this study, it was included as a factor in the analyses in order to determine whether there
was any significant effect on performance on the n-back task associated with the use of two
different behavioural sessions during scanning.

5.1.3.1 Accuracy

As in the previous experiment, accuracy was measured in terms of the percentage of correct

responses at each level of n-back. The first ANOVA analysis revealed a significant main
effect of level of n-back (i.e. F (i.8i,54) = 17.15, p < 0.001) and a significant main effect of group

(i.e. F (i,i8) = 4.727, p = 0.043). However, there was no significant main effect of scanning
session (i.e. F <i,i8) = 0.37, p = 0.552) and no significant interactions between any of the factors

(i.e. n-back*Group: F <1.81,54) = 0.757, p = 0.465; Session*Group: F <i,i8) = 2.96, p = 0.552; n-
back*Session: F (1.56,54) = 1.855, p = 0.181; n-back*Session*Group: F (1.56,54) = 0.237, p = 0.735).

A priori reverse Helmert contrasts revealed a significant difference in average percentage

correct between 2- and 1-back conditions (i.e. F<i,is) = 15.169, p = 0.001) and between 3- and 2-

back conditions (i.e. F <i,is) = 22.733, p < 0.001 ). In addition, the linear contrast for level of n-
back was also significant (i.e. F (i,i8) = 24.135, p < 0.001). However, the contrast between 1-
and 2-back conditions (i.e. F (i,is) = 3.280, p = 0.087) was not significant.
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Figure 5.4: Mean percentage correct at each level of n-back - Experiment two (10 patients
vs. 10 controls).

Post-hoc paired samples t-tests comparing the mean performance at each level of n-back
revealed significant differences between 0- and 1-back (i.e. t <i9) = 1.92, p = 0.035), between 1-

and 2-back (i.e. t <i9) = 3.88, p < 0.001) and between 2- and 3-back (i.e. t <i9) = 3.76, p < 0.001).

These findings were still statistically significant after correction for multiple comparisons

(i.e. Bonferroni).

Therefore, as predicted, both patients and controls exhibited a linear increase in difficulty

associated with the linear increase in the level of n-back. Moreover, patients experienced

greater difficulty across all levels of the task than control participants. As in experiment one,
the impairment seen in patients was consistent in nature.

5.1.3.2 Reaction time

The results of the second mixed ANOVA analysis revealed a significant main effect of n-
back (i.e. F (1.54,54) = 19.04, p < 0.001), a significant main effect of scanning session (i.e. F (us) =

8.21, p = 0.01), and a significant interaction between level of n-back and scanning session (i.e.

F (3,54) = 4.27, p = 0.009) on the mean reaction time of participants. There was, however, no

significant main effect of participant group (i.e. F <i,i8) = 1.86, p = 0.190), no significant
interaction between scanning session and participant group (i.e. F (i,i8) = 2.51, p = 0.131), and
no significant three-way interaction between level of n-back, scanning session, and

participant group (i.e. F (3,54) = 2.20, p = 0.009).
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Figure 5.5: Mean reaction time (ms) at each level of n-back - Experiment two (10 patients
vs. 10 controls).

Figure 5.6: Mean reaction time (ms) for scanning sessions 1 and 2 - Experiment two (10
patients vs. 10 controls).

NBACK

Figure 5.7: Mean reaction time (ms) at each level of n-back - Experiment two (Session 1 vs.
session 2: all participants).

A priori reverse Helmert contrasts for level of difficulty of n-back revealed a significant
difference in average reaction time between 1- and 0-back (i.e. F <us) = 14.80, p = 0.001),
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between 2- and 1-back (i.e. F (us) = 23.70, p < 0.001), and between 3- and 2-back (i.e. F (us) =

20.01, p <0.001).

Post-hoc paired sample t-tests, with Bonferroni correction for multiple comparisons,
revealed a significant difference in mean reaction time at the 0-back level between sessions 1
and 2 (i.e. t <i9) = 6.603, p < 0.001). However, no significant differences were observed
between scanning sessions for 1-, 2-, and 3-back levels (i.e. t (i9> = 0.409, p = 0.687, t <i9> = 1.398,

p = 0.178, t (i9) = -0.150, p = 0.882, respectively).

Further post-hoc analysis (i.e. paired samples t-tests, with Bonferroni correction)
demonstrated significant differences in the mean reaction times at 0- and 1-back (i.e. t(i9> =

3.737, p = 0.001), between 1- and 2-back (i.e. t <i9) = 3.303, p = 0. 002), but not between 2- and 3-
back (i.e. t <i9> = 2.004, p = 0.06).

Thus, it may be asserted that, for all participants, RT was significantly inversely related to

the increase in 'N' between the 0- and 2-back levels of the n-back task. However,

participants did not experience any significant change in the time taken to respond to

stimulus items with the change in task level to 3-back.

In addition, whereas participants average reaction times to 0-back items was significantly
slower in the first scanning session, reaction times at the other levels of n-back were not

significantly different between sessions.

It should also be noted that, in contrast to the results of experiment one, there was no

significant difference in the reaction times of patients and controls during performance of
the n-back task. This finding is indicative of relatively preserved psychomotor function in
the group of depressed patients who participated in this study.

5.1.4 Relationship between clinical dimensions and cognitive performance: All

participants

In order to determine whether there was any significant relationship between the affective
states of the patients involved in this study and the measures of cognition employed a series

of bivariate correlations were calculated (i.e. Pearson's product moment correlation co-
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efficient). The results of these analyses revealed no statistically significant association

between BDI, HRSD, SAC, and APSAQ scores for the depressed patients and their scores on
both the subtests of the TEA and both accuracy and reaction time measures on the n-back
task (i.e. picrit.) < 0.05).

5.2 Behavioural Results: Scanning analysis participants only
5.2.1 Participant details

Data obtained from 9 patients and 9 control participants was included in the final analysis of
functional images (see Table 5.2 below).

Participant
group

Mean age (years) (mean
(s.d.))

Mean IQ (mean
(s.d.))

Male: Female

Patients

Controls

32.00 (7.86)
31.33 (8.32)

108.22 (7.21)
112.56 (8.78)

2:7

3:6

Table 5.2: Demographic details of those participants included in the analysis of functional
imaging data in Experiment Two.

Independent samples t-tests revealed no significant difference between these subgroups of

patients and controls with respect to mean age or IQ (i.e. t (i6> = 0.18, p = 0.863 and t (i6> = -1.5,

p = 0.269, respectively). Moreover, there was no significant difference in the distribution of
male and female participants between the groups (i.e. x2 a) = 0.599, p > 0.05).

5.2.2 Affective Indices

The outcome of independent samples t-tests, used to compare the participant subgroups on

the affective measures, were indicative of significant differences between patients and
controls on the BDI (i.e. t (8.06) = 5.91, p <0.001), both the stress and arousal dimensions of the

SAC (i.e. t (8.66) = 3.56, p = 0.003, t (i6) = 4.09, p < 0.001, respectively), and on the APSAQ (i.e. t

(9.54) = 3.44, p < 0.004).

All of these measures, with the exception of SAC-arousal, deviated significantly from a

normal distribution (i.e. BDI: S-W (is) = 0.81, p = 0.002; SAC-stress: S-W (is) = 0.74, p < 0.001;

and APSAQ: S-W (is) = 0.84, p = 0.006). However, Mann-Whitney U analyses confirmed the

significant group differences on the affective indices (i.e. BDI: U = 0.00, p < 0.001; SAC-stress:
U = 7.50, p = 0.002; and APSAQ: U = 4.00, p < 0.001).
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Patients Controls
Mean

DifferenceMean (s.d.)
Min-

Max
Mean (s.d.) Min-Max

HRSD 20.56 (5.59) 15-32 N/A N/A N/A
BDI 28.56 (14.13) 10-51 0.67 (0.87) 0-2 27.89

SAC-

Stress
9.44 (6.97) 1-17 1.00 (1.41) 0-4 8.44

SAC-
Arousal

8.22 (3.60) 3-12 2.33 (2.40) 0-5 5.89

APSAQ 34.44 (13.78) 20-58 17.89 (4.31) 12-27 16.56

Table 5.3: Mean scores on each of the affective assessments in experiment two for those
participants included in the analysis of functional brain images.

Therefore, the same profile of affective state at the time of assessment in the subgroups of

participants included in the functional imaging analysis mimicked the pattern seen in the
entire participant sample. Thus, suggesting the subgroup of participants who were included
in imaging analysis were representative of the group as a whole.

5.2.3 Test of Everyday Attention
5.2.3.1 Elevator counting with distraction

Independent samples t-tests revealed no significant difference in the mean number of correct
items on the elevator counting with distraction task between patients and controls. Again,
this was accurate for both raw and scaled scores on this task (i.e. t <i6) = 0.08, p = 0.468 and t (i6>

=-0.23, p = 0.411).

5.2.3.2 Visual Elevator

5.2.3.2.1 Accuracy

Within these sub-groups, patients did not perform significantly worse than controls in terms

of number of correct responses (scaled) on the visual elevator subtest. This was evident in

the results of independent samples t-tests of the raw (i.e. t <i6> = -1.55, p = 0.07) and scaled (i.e.
t (i6) = -1.05, p = 0.15) scores on this measure.

5.2.3.2.2 Timing
Patients were significantly slower than controls in the average time taken to make an

attentional switch. This disparity in psychomotor function was reflected in the differences
between the mean reaction time per attentional switch (i.e. t (s.6i> = 1.89, p = 0.046) and in the

mean scaled scores (i.e. t (io.66> = -1.94, p = 0.039) of patients and controls.
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5.2.4 n-back task

5.2.4.1 Accuracy

A 4 x 2 x 2 mixed ANOVA of the average accuracy, i.e. percentage of correct responses,
revealed a significant main effect of level of difficulty of n-back (i.e. F <1.73,48) = 15.87, p <

0.0001), but there was no significant main effect of scanning session (i.e. F <U6) = 0.15, p =

0.708) or participant group (i.e. F (U6> = 2.93, p = 0.106). Furthermore, no significant
interactions between any of the factors was observed, i.e. n-back*Group: F (1.731,48) = 0.54, p =

0.566; Session*Group: F (i,i6> = 2.17, p = 0.160; n-back*Session: F (1.550,48) = 1.34, p = 0.272; n-

back*Session*Group: F (1.550,48) = 0.76, p = 0.448).

A priori, reverse Helmert contrasts revealed a significant difference in performance between
2- and 1-back levels (i.e. F (1,16) = 10.99, p = 0.004), and between 3- and 2-back levels (i.e. F <i,i6)

= 22.79, p < 0.001), but not between 0- and 1-back levels (i.e. F a,i6) = 2.14, p = 0.163) of the n-
back task.

Post-hoc paired samples t-tests were conducted to further explore the main effect of level of

difficulty of n-back. After appropriate adjustment for multiple comparisons, significant
differences were noted between the 1- and 2-back levels of the task (i.e. t (17) = 3.36, p = 0.004)
and between 2- and 3-back levels (i.e. t <i7> = 4.27, p < 0.001). However, there was no apparent

significant difference in the mean accuracy between the 0- and 1-back task levels (i.e. t (17) =

0.06, p> 0.05).

5.2.4.2 Reaction time

A 4 x 2 x 2 mixed ANOVA of mean reaction time (ms) revealed a significant main effect of
level of difficulty of n-back (i.e. F (1.42, 48) = 15.56, p < 0.001), a significant main effect of

scanning session (i.e. F (1,16) = 5.35, p = 0.034), and a significant interaction between level of

difficulty of n-back and scanning session (i.e. F (3,48) = 5.19, p = 0.003). There was, however,

no significant main effect of participant group (i.e. F (i,i6> = 0.94, p = 0.346), no significant
interaction between level of n-back and participant group (i.e. F (1.42,48) = 0.10, p = 0.843), no

significant interaction between scanning session and participant group (i.e. F (1,16) = 1.63, p =

0.220), and no significant three-way interaction (i.e. F (3,48) = 1.89, p = 0.144).
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Planned comparisons for mean reaction time at each level of n-back revealed a significant
difference between 1- and 0-back (i.e. F (U6> = 13.68, p = 0.02), between 2- and 1-back (i.e. F

(i,i6) = 19.35, p < 0.001), and between 3- and 2-back (i.e. F <i,i6) = 14.41, p = 0.002).

Post-hoc paired samples t-tests, with Bonferroni correction for multiple comparisons (i.e.

p<crit) = 0.0125), revealed a significant difference inmean reaction time between sessions 1 and
2 at the 0-back level of task difficulty (i.e. t <i7> = 6.51, p <0.001). However, there was no

significant difference between scanning sessions at 1-back (i.e. t (i7> = 0.06, p = 0.955), 2-back

(i.e. t (i7) = 0.64, p = 0.528), or 3-back (i.e. t (i7> = -0.20, p = 0.848) levels of tasks difficulty.

5.2.5 Relationship between clinical dimensions and cognitive performance: Scanning

participants only
In those patients who were included in the scanning analyses, no significant associations
were found between the measures of affective state (i.e. BDI, HRSD, SAC, and APSAQ) and

any of the measures of cognitive performance (i.e. both TEA subtests and both accuracy and
reaction time measures on the n-back task).

5.3 Summary of Behavioural Findings
5.3.1 Affective Indices

Prior to commencement of testing it was assured that all patients were exhibiting a

significant severity of depressive symptomology, and that all controls had no history of

psychiatric illness or current symptoms of major depression. This distinction between the

experimental groups was supported by the observed significant difference in the mean BDI
scores of patients and controls. Patients also exhibited significantly greater levels of state
stress and arousal (as assessed by the Stress Arousal Checklist) and state anxiety (as assessed

by the APSAQ) prior to participation.

5.3.2 Test of Everyday Attention

Overall, the outcomes on the TEA subtests suggest an absence of impairment in selective

attention, cognitive flexibility, nor auditory verbal working memory in the patient group, as

compared with healthy controls. However, despite similar levels of performance accuracy

between the experimental groups, patients were slower to respond to stimuli in the visual
elevator task. This was evident in the analysis of reaction times in both analyses of

behavioural data in the current study.
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5.3.3 n-back task

5.3.3.1 Accuracy

A significant main effect of level of difficulty of n-back was observed in both of the
behavioural analyses, with planned comparisons revealing a significant difference between
each consecutive level of task difficulty. Therefore, it would appear that all participants

experienced an increase in task difficulty with each incremental increase in cognitive load on

the n-back task.

Moreover, analysis of the data for all participants revealed a significant main effect of

participant group, with patient scores being significantly lower than those of control

participants. While this significant finding was not replicated in the analysis of data from
those participants included in scan analyses, the pattern of findings was similar. Therefore,
the failure to obtain a significant finding in this latter analysis may be the result of reduced
statistical power due to the small sample numbers.

Both behavioural analyses confirmed the lack of a significant difference in performance
across functional MRI scanning session. Thus, suggesting no effect of scanning session on

the observed level of participant accuracy on the n-back task.

5.3.3.2 Reaction time

Overall, the results relating to participant reaction time on the n-back task are indicative of a

significant decrease in participant reaction time with increasing task difficulty, i.e. as N

increased participants exhibited a relative speeding up of their response times.

Examination of the descriptive data would seem to indicate that patient's reaction times

were on average slower than those of controls (i.e. across all levels of n-back and across

sessions). However, both behavioural analyses were suggestive of no effect of participant

group on mean reaction time. This lack of a significant difference between patients and
controls is indicative of relatively preserved psychomotor function in the depressed patients
who participated in this study.

While there was an apparent reduction in reaction time with each increase in the level of
task difficulty between sessions 1 and 2, there appeared to be little difference in the reaction
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time scores for 1-, 2-, and 3-back conditions across the two imaging sessions. The only

significant effect of scanning session was the apparent difference in the average reaction
time at 0-back between sessions 1 and 2.

5.3.4 Relationship between clinical dimensions and cognitive performance

The findings of both sets of correlation analyses failed to find a significant association

between severity of depression (i.e. both BDI and HRSD), state stress, and state anxiety in
the depressed patients and their level of performance on the cognitive measures. Not only
was there no significant association between affective scores and accuracy on the cognitive
tasks but there was also no apparent relationship between affective state of depressed
individuals and measures of psychomotor function in this study.

5.4 Comparison of the effect size for experimental group differences in performance on

the n-back task: Experiment One vs. Experiment Two.

It is possible that the relatively smaller number of participants in experiment two had a

significant impact upon the relative level of statistical power in this study. A reduced power
level is of concern given the relative differences in the observations of previous

investigations of WM function in MDD, which may reflect the magnitude of this type of
effect. Thus, it was deemed appropriated to compare the relative effect size of participant

group effects on performance on the n-back task between the first two studies. These

comparisons were conducted for both accuracy and reaction time in each study (i.e. using

Cohen's d estimates of effect size; see Figures 5.8 and 5.9 below).

Comparison of the relative effect size differences in accuracy on the n-back task between

patients and controls in the two studies revealed a greater effect of participant group across

all levels of N in the second experiment. However, these differences appear to be rather
minimal in magnitude, implying that the findings of the two studies with regards to the
effect of participants group on n-back accuracy are comparable.
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N-back

Figure 5.8: Comparison of effect size (i.e. Cohen's d) for the main effect of participant group
on accuracy - Experiment one vs. experiment two

Figure 5.9; Comparison of effect size (i.e. Cohen's d) for the main effect of participant group
on reaction time - Experiment one vs. experiment two.

In contrast to the effect of participant group on accuracy, the effect size with respect to the
effect of experimental group on participant reaction time appears to be greater in the first

experiment. Indeed, this may reflect the statistically significant effect of participant group
on this measure that was noted in the first study, but not the second.

Overall, the pattern of results observed, in terms of effect size, is similar in the two studies.
This may be indicative of reduced statistical power in the second study as a result of the
smaller participant numbers. Alternatively, the differences between experimental conditions

may be the result of a confounding effect of performance of the task during scanning in the
latter experiment. Nonetheless, the similarities between studies are indicative of a consistent
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profile of performance on the n-back task, between patients and controls, irrespective of

experimental condition (i.e. experiment one vs. experiment two).

5.5 Structural imaging results
5.5.1 Patients

Examination of the structural images (i.e. T1-weighted MRI) revealed structural
abnormalities in three of the patients. In two of these patients there were lesions in the

temporal lobes, presumed to be small cerebral haemangioma - possibly the result of a minor
head injury. Analysis of the patterns of functional activation associated with these two

patients were determined not to differ significantly from that seen in the other depressed

patients involved in the study. Moreover, the lesion sites in these individuals were deemed
to be far enough removed from the regions of task associated activation. Therefore, both of
these participants were included in the functional imaging analysis.

The third patient was noted to have a significant white matter lesion. When the pattern of
activation during task performance was examined for this individual it was concluded that
the lesion site was too close to regions of significant activation. More specifically, the lesion
site was particularly close to posterior cortical regions that showed an apparent decrease in
activation associated with the linear increase in task difficulty. Therefore, in order to

minimise any distortion in the results of the functional imaging analysis this patient was

excluded from the data analysis.

5.5.2 Controls

Analysis of the T1 images of the control participants revealed no significant abnormalities in
cortical structure of any of the normal individuals who participated in this study.

5.6 Functional Imaging Results: Block design

Despite normal structural data in all of the control participants, during functional scanning
of one participant there was a significant artefact in the functional images. It was suggested
that the artefact might have been the result of a non-clinically significant abnormality in
metabolic functions. As a result of the location (i.e. left temporal lobe) and extent of this

artefact, this patient was also excluded from the analysis.

148



Consequently, this functional artefact and the noted significant structural abnormality in the

patients meant that suitable imaging data was obtained from 9 depressed patients and 9
normal controls. Imaging data from these participants was examined for significant effects
of the between groups factor of participant group and the within subjects factor of task

difficulty upon cortical activation.

As previously outlined, all of the data were preprocessed and analysed using SPM99

(www.fil.ion.ucl.ac.uk/spml. For each individual participant BOLD EPI images were co-

registered to their own T1 MRI image. Following co-registration the images were normalised
and smoothed (i.e. see pp 132-133 for full details of the data preprocessing).

Fixed effects contrasts were then calculated for individual participants. Similar contrasts
were also calculated for the relevant within- and between-groups factors. This first level

analysis involved calculating the voxels in which activation was either increased or

decreased in association with the parametric increase in the level of difficulty of the n-back
task.

The fixed effects contrasts for each participant were then used to calculate within and
between group random effects for factors of interest. Independent samples t-test were used
to calculate within group contrasts, whereas between group contrasts were calculated using
a one-way ANOVA.

In addition to these core analyses, contrasts were also calculated for the relative increases

and decreases in activation between each level of the task (i.e. 0- vs. 1-back, 0- vs. 2-back, Ci¬

vs. 3-back, 1- vs. 2-back, 1- vs. 3-back, and 2- vs. 3-back). As with the previous analyses,
these contrasts were calculated for both within and between groups.

Regions of significant activation were defined as those clusters of activation where the
corrected probability level of the cluster was less than or equal to 0.05. In this study

significant clusters were noted for all contrasts in the second level analysis.

While the original output from SPM99 gave the locations of voxels and clusters of significant
activation in MNI co-ordinates, for the purposes of reporting these co-ordinates were
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converted to a standard Talairach space (i.e. using non-linear transformation). The
neuroanatomical descriptors of the anatomical locations of clusters of significantly altered
activation were then determined using the Talairach Daemon database (Lancaster et al.,

1997; Lancaster et al., 2000). This programme enables the user to input three-dimensional
voxel co-ordinates (i.e. x, y, z) and based on this information generates an output file which
describes the location of the voxels of interest with reference to the hemisphere, lobe, cortical

description (i.e. cortical or subcortical) and Brodmann area (e.g. left hemisphere, frontal lobe,
medial frontal gyrus, BA 8).

The outcomes of the analyses relating to the main factors of interest (i.e. the effect of

participant group and the linear increase in difficulty of the n-back task) are outlined in the

following sub-sections (full details of all clusters of significant activation relating to each of
the experimental manipulations are available in Appendix 3A).

5.6.1 Control activation associated with performance of the n-back task; Block design

(Note: The extent of clusters of significant activation is noted for both the number of voxels

comprised by the cluster (i.e. Ke) and the volume of the cluster (i.e. mm3) based on an

individual voxel volume of 8 mm3 (i.e. 2x2x2 mm))

The pattern of activation seen in control participants during performance of the n-back task
is depicted in Figures 5.10 - 5.12. In association with the parametric increase in difficulty of

n-back, significant increases (i.e. p (corrected) < 0.05) in activation were noted in control

participants in the right inferior parietal lobule (BA40; cluster size (Ke)/vo1. = 1428/11424

mm3, p < 0.001), the left superior parietal lobule (BA40; Ke/vo1. = 639/5112 mm3, p < 0.001),
the right medial frontal gyrus (BA8; Ke/vo1. = 116/928 mm3, p = 0.004) and the middle frontal

gyrus, bilaterally (BA6, 9, 10 and 46; Ke/vo1. = 244/1952 mm3, p < 0.001; Ke/vo1. = 458/3664

mm3, p < 0.001; Ke/vo1. = 407/3256 mm3, p = 0.001; Ke/vo1. = 144/1152 mm3, p = 0.028; Ke =

79/632 mm3, p = 0.004).

With the same changes in the experimental parameters significant decreases in activation

were noted in a number of regions of cortex. In the left hemisphere significant clusters were
observed in the cingulate gyrus (BA31; Ke/vo1. = 2945/23560 mm3, p < 0.001), the medial

frontal gyrus (BA11/8; Ke/vo1. = 4461/35688 mm3, p < 0.001), the fusiform gyrus (BA37;
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Ke/vo1.=158/1264 mm3, p < 0.001 and Ke/vo1. = 104/832 mm3, p = 0.007), the cuneus (BA19;
Ke/vo1. = 172/1376 mm3, p < 0.001) and the insula (BA43/52; Ke/vo1. = 224/1792 mm3, p <

0.001). Regions of significantly decreased activation in the right hemisphere in controls
included the precentral gyrus (BA13; Ke/vo1. = 1211/9688 mm3, p < 0.001), the

parahippocampal gyrus (BA28/37; Ke/vo1. = 157/1256 mm3, p < 0.001), the middle frontal

gyrus (BA11; Ke/vo1. = 80/640 mm3, p = 0.026), the middle occipital gyrus (BA18; Ke/vo1. =

83/664 mm3, p = 0.022), the lingual gyrus (BA18; Ke/vo1. = 94/752 mm3, p = 0.012), and the
oilmen (Ke/vo1. = 242/1936 mm3, p < 0.001). Moreover, decreased activation was seen

bilaterally in the middle temporal (BA21 & 22; Ke/vo1. = 145/1160 mm3, p = 0.001 and Ke/vo1.
= 87/696 mm3, p = 0.018) and superior temporal (BA22; Ke/vo1. = 167/1336 mm3, p < 0.001 and
Ke/vo1. = 94/752 mm3, p = 0.012) gyri.

5.6.2 Patient activation associated with performance of the n-back task: Block design

The following images (i.e. Figure 5.13 - 5.15) illustrate the regions of significant increase and
decrease in activation associated with the increase in task difficulty of the n-back task in the

depressed patients. With an increase in a significant increase was observed in patients in the
left hemisphere in the cerebellum (i.e. pyramis and declive; Ke/vo1. = 229/1832 mm3, p <

0.001), and a trend towards significance was noted in the left lingual gyrus (BA18; Ke/vo1. =

60/480 mm3, p = 0. 055). In the right hemisphere significant increases were noted in the
inferior frontal gyrus (BA46 & 47; Ke/vo1. = 300/2400 mm3, p < 0.001 & Ke/vo1. = 165/1320

mm3, p < 0.001), the inferior parietal lobule (BA40; Ke/vo1. = 2817/22536 mm3, p < 0.001), and
the middle frontal gyrus (BA10; Ke = 412/3296 mm3, p < 0.001 & Ke/vo1. = 99/792 mm3, p =

0.004). A significant bilateral increase was also seen in the superior frontal gyrus (BA6;

Ke/vo1. = 868/6944 mm3, p < 0.001 & Ke = 576/4608, p < 0.001).

Significant decreases associated with increasing task difficulty were seen in the depressed

patients in the left hemisphere in the medial frontal gyrus (BA10; Ke/vo1. = 1071/8568 mm3, p
< 0.001), the superior temporal gyrus (BA22 & 41; Ke/vo1. = 134/1072 mm3, p = 0.001 & Ke/vo1.
= 145/1160 mm3, p < 0.001), and the posterior cingulate (BA31; Ke/vo1. = 1270/10160 mm3, p <

0.001). Significant decreases were also observed in depressed patients in the following

regions in the right hemisphere: transverse temporal gyrus (BA41; Ke/vo1. = 617/4936 mm3, p
< 0.001); precentral gyrus (BA4; Ke/vo1. = 104/832 mm3, p = 0.003); cingulate gyrus (BA24;

Ke/vo1. = 157/1256 mm3, p < 0.001); and the middle temporal gyrus (BA38; Ke/vo1. = 108/864
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mm3, p = 0.002). A decrease in activation was also noted bilaterally in the cerebellum (i.e.

uvula and pyramis; Ke/vo1. = 83/664 mm3, p = 0.012, and the culmen; Ke/vo1. = 83/664 mm3, p
= 0.012 & Ke = 66/528 mm3, p = 0.036) in patients.

Figure 5.10: Statistical parametric map of the voxels of increased activation in the control
participant group (i.e. N = 9) with the linear increase in difficulty of the n-back task -

Experiment two: Random effects.

Figure 5.11: Statistical parametric map of the voxels of decreased activation in the control
participant group (i.e. N = 9) with the linear increase in difficulty in the n-back task -

Experiment two: Random effects.
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Figure 5.12: Increased (red colour scale) and decreased (blue colour scale) activation in
controls with associated with the linear increase in difficulty of the n-back task - Experiment
two (random effects, p corrected ^ 0.05). The significant activations are superimposed 2D

slices of a normalised, mean EPI image (i.e. image based on data obtained from 12 normal,
healthy participants).
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Figure 5.13: Statistical parametric map of the voxels of increased activation in depressed
patients (i.e. N = 9) associated with the linear increase in task difficulty of the n-back task -

Experiment two: Random effects.

Figure 5.14: Statistical parametric map of the voxels of decreased activation in depressed
patients (i.e. N = 9) associated with the linear increase in task difficulty of the n-back task -

Experiment two: Random effects.
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Patients: Block design

Figure 5.15: Increased (red colour scale) and decreased (blue colour scale) activation in
patients associated with the linear increase in difficulty of the n-back task - Experiment two
(random effects, p corrected s 0.05). The areas of significant activation are superimposed on a

normalised, mean EPI image (as before).
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5.6.3 Comparison of areas of significant activation between patients and controls: Block

design

Figure 5.16 & 5.17 depict the contrasts results of those cortical regions activation that differed
in their degree of activation between patients and controls, associated with the increased

difficulty of the n-back task. While there are a number of voxels that show group

differences, significant differences were only evident in the medial orbital prefrontal cortex

(MOPFC)/subgenual (rostral) anterior cingulate (rAC) (BA 12; Ke/vo1. = 128/1024 mm3, p =

0.025). This region was shown to be relatively more active in patients than controls with

increasing difficulty of n-back

Figure 5.16: Statistical parametric map of the voxels of relatively increased activation in the
depressed patients (i.e. N = 9) compared to the control participants (i.e. N = 9) associated
with the linear increase in task difficulty of the n-back task - Experiment two: Random

effects.
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Figure 5.17: Statistical parametric map of the voxels of relatively decreased activation in the
depressed patients (i.e. N = 9) compared to the controls participants (i.e. N = 9) associated

with the linear increase in task difficulty of the n-back task - Experiment two: Random
effects.
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5.6.4 Correlation between regions of activation and severity of depression in MDD patients

In order to determine whether there was any significant contribution of the severity of

depression to the pattern of activation seen in patients, a correlation analysis considering the

relationship between signal intensity and HRSD score was conducted for depressed patients

only. In order to achieve this the contrasts for increased and decreased activation with

increasing difficulty of n-back were correlated with patients' HRSD score. The results of this
random effects analysis can be seen in Figures 5.18 and 5.19. No statistically significant
correlations were noted between clusters of significant increased or decreased activation and

severity of depression. Indeed, even below threshold there were relatively few regions that

displayed any association with the severity of depression in the patient group.
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Figure 5.18: Statistical parametric map of the voxels of increased activation in the depressed
patients (i.e. N = 9) that were correlated with the severity of depression as measured by the

HRSD - Experiment two.
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Figure 5.19: Statistical parametric map of the voxels of decreased activation in the
depressed patients (i.e. N = 9) that were correlated with the severity of depression as

measured by the HRSD - Experiment two.
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5.7 Functional imaging results: Event related design

It was suggested that there might be a potential confounding effect of level of performance
on the observed differences between patients and controls in the previous set of functional

analyses. Therefore, it was deemed appropriate to consider the event-related activity

associated with accurate task performance. More specifically, the areas of activation
associated with correct responses only at each level of the n-back task were examined. As
with the block-design analyses, the factors of interest in these analyses were the level of

difficulty of the n-back task and the relative differences in activation between patients and
controls.

The first step in this analysis was to plot all of the behavioural responses for each

participant, across all levels of task difficulty. This was done in order to determine the

general pattern of behavioural responses for both participant groups at each level of n-back.
Of particular interest was whether, or not, there was a sufficient number of correct responses
for each participant at each task level such as would justify their inclusion in the event

related analysis. Once this had been assured, the behavioural data for each participant was
then examined in order to determine the nature of each type of response, based on the

following categories: i.e. correct actual response; correct no response; incorrect actual

response; and incorrect no response. For the event related analysis the response type of
interest was 'correct actual response'. Although it would have been interesting to examine
the difference between correct and incorrect actual responses, both within and between

participant groups, the number of incorrect actual responses at all levels of task difficulty
was not sufficient enough to result in a large enough number of corresponding functional

images, such as would have been required for meaningful analysis of the EPI data.

Following identification of correct actual responses the timing of each correct response for
each participant was identified, i.e. the time at which the stimulus item occurred relative to

the beginning of the n-back paradigm. The timing of all correct actual responses for each

participant was then saved to a text file, which was later used as an input file in the
functional imaging analysis to identify the relevant images for each correct response for
individual participants at each level of difficulty of n-back according to onset time.

After the determination of the fixed effects contrasts were calculated for individual

participants in order to determine the voxels of significant activation associated with correct
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items only at each level of n-back and those associated with the linear increase in task

difficulty. As with the block design analysis for this study, our main interest was in voxels

of significant activity that exhibited either a parametric increase or decrease in accordance
with the parametric increase in the level of n-back. However, in this instance only those
modulations of activation that were associated with correct actual responses were of interest,
both within and between experimental groups.

In the calculation of the event related fixed effects analysis the haemodynamic response time
was accounted for using the default Haemodynamic Response Function in SPM99. This

particular function of SPM99 can be used to ensure that the haemodynamic response time is

taken into account when determining the relevant functional images of interest. Failure to

take note of this potential confounder may result in discrepancy between the actual event of
interest and the measured 'event', thus impacting upon the reliability of the analysis of the
functional imaging data.

An additional potential confounding effect in the event related analysis was the discrepancy
between the TR (i.e. 2.5 seconds) and the ISI that was used in the n-back paradigm (i.e. 3

seconds). However, it is a feature of SPM99 that these two parameters need not match

exactly. Indeed, SPM99 can take account of this potential discrepancy in the analysis of
functional imaging data. This is achieved by computing the predictors of brain activity on a

very fine resolution in time and than resampling them at a lower resolution to have one

single value per volume.

As with the previous neuroimaging analysis, the first level, fixed effects contrasts for
individual participants were utilised in the second level, random effects analysis. Random
effects contrasts were calculated for within and between participant groups. Of interest
were regions that exhibited an increase or decrease in activation associated with the increase

in task difficulty, for correct actual responses only. In identifying clusters of significant

change in activation the critical value of the corrected probability level was 0.05. Regions of

significant cortical activation were determined by converting MNI co-ordinates to standard
Talairach space. The Talairach co-ordinates were then used to identify the relevant cortical

regions of interest, i.e. using the Talairach Daemon Database. Although various

comparisons were made between the activation associated with correct responses at each of
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the various levels of n-back, in the following sub-sections only those data relating to the
overall linear increase in task difficulty are reported (Note: details of all significant findings
can be viewed in Appendix 3B).

5.7.1 Control activation associated with performance of the n-back task: Event related

The pattern of activation associated with correct responses only in control participants is

depicted in the following figures (i.e. Figure 5.18 - 5.20). Increased activation was noted in
the left hemisphere in the inferior frontal gyrus (BA46; Ke/vo1. = 164/1312 mm3, p < 0.001)
and in the following regions in the right hemisphere: inferior parietal lobule (BA40; Ke/vo1. =

3346/26768 mm3, p < 0.001 & Ke/vo1. = 68/544 mm3, p = 0.028); superior temporal gyrus (BA6;
Ke/vo1. = 73/584 mm3, p = 0.018); and the thalamus (Ke/vo1. = 132/1056 mm3, p < 0 .001).
Increased activation was also seen bilaterally in the middle frontal gyrus (BA10/8; 6; 10; & 9;

Ke/vo1. = 212/1696 mm3, p < 0.001; Ke/vo1. = 2011/16088, p < 0.001; Ke/vo1. = 77/616 mm3, p =

0.014; and Ke/vo1. = 65/520 mm3, p = 0.033), the insula (BA43/52; Ke/vo1. = 339/2712 mm3, p <

0.001 & Ke/vo1. = 144/1152 mm3, p < 0.001), and the cerebellum (i.e. declive, culmen, and

tuber; Ke/vo1. = 250/2000 mm3, p < 0.001; Ke/vo1. = 268/2144 mm3, p < 0.001;.and Ke/vo1. =

103/824 mm3, p = 0.002).

Decreased activation associated with correct responses only was noted in controls as the
level of difficulty of n-back increased in a number of clusters. In the left hemisphere regions
of significantly decreased activation associated with accurate performance of the task
included both posterior and anterior cingulate cortex (BA23 & 24/25; Ke/vo1. = 1624/12992

mm3, p < 0.001 & Ke/vo1. = 149/1192 mm3, p < 0.001) and in the angular gyrus (BA39; Ke/vo1. =

181/1448 mm3, p < 0.001). Bilaterally decreased activation was noted in the following areas:

insula (BA43/52; Ke/vo1. = 1032/8256 mm3, p < 0.001 & Ke/vo1. = 63/504, p = 0.039; medial and

superior frontal gyri (BA9/6; Ke/vo1. = 2695/21560 mm3, p < 0.001); parahippocampal and
fusiform gyri (BA20 & 37; Ke/vo1. = 221/1768 mm3, p < 0.001; Ke/vo1. = 122/976 mm3; p < 0.001;
& Ke/vo1. = 108/864 mm3; p = 0.002); paracentral lobule (BA5; Ke/vo1. = 380/3040 mm3, p <

0.001); middle temporal gyrus (BA21; Ke/vo1. = 202/1616 mm3, p < 0.001; Ke/vo1. = 86/688

mm3, p = 0.007; & Ke/vo1. = 161/1288 mm3, p < 0.001); and superior temporal gyrus (BA40 &

41; Ke/vo1. = 132/1056 mm3, p < 0.001 & Ke/vo1. = 59/472 mm3, p = 0.052).
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Figure 5.20: Statistical parametric map of the voxels of significantly increased activation in
the control participants (i.e. N = 9) associated with the linear increase in difficulty of the n-

back task - Experiment two: Correct responses only (random effects).

Figure 5.21: Statistical parametric map of the voxels of significantly decreased activation in
the control participants (i.e. N = 9) associated with the linear increase in difficulty of the n-

back task - Experiment two: Correct responses only (random effects).
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Controls: Event related

Figure 5.22: Increased (red colour scale) and decreased (blue colour scale) activation in
controls with increasing task difficulty - Experiment two: Correct responses only (random

effects). (Random effects, p corrected ^ 0.05). Mean increase and decrease areas of activation
are superimposed upon normalised, mean EPI image (as before).
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5.7.2 Patient activation associated with performance of the n-back task: Event related
The pattern of activation observed in patients during accurate performance of the task was
similar to that seen in controls (see Figures 5.21 - 5.23). Increased activation was seen in the

left hemisphere in a cluster covering the precuneus and postcentral gyrus (BA7; Ke/vo1. =

192/1536 mm3, p < 0.001) and in the cerebellum (i.e. declive and tuber; Ke/vo1. = 228/1824

mm3, p < 0.001). In the right hemisphere significant increases in activation associated with

correct responses with increasing difficulty were seen in the insula (BA43/52; Ke/vo1. =

124/992 mm3, p < 0.001), the precentral and middle frontal gyri (BA9 & 6; Ke/vo1. = 366/2928

mm3, p < 0.001 & Ke/vo1. = 255/2040 mm3, p < 0.001), in the medial frontal gyrus (BA6/8;

Ke/vo1. = 293/2344 mm3, p < 0.001), and in a region comprising the precuneus and the middle

temporal gyrus (i.e. BA 19; Ke/vo1. = 436/3488 mm3, p < 0.001). In addition, increased

activation was seen bilaterally in the inferior parietal lobule (BA40; Ke/vo1. =861/6888 mm3, p

< 0.001 and Ke = 239/1912 mm3, p < 0.001).

As with the increased activation, the pattern of decreased activation seen in patients during
correct responses was similar to that seen in controls. In the left hemisphere a significant

accuracy associated decrease was noted in the superior frontal gyrus (BA8; Ke/vo1. =

451/3608 mm3, p < 0.001) and in clusters involving the precuneus, the medial frontal gyrus
and the paracentral lobule (BA7/6/5; Ke/vo1. = 2514/20122 mm3, p < 0.001), and the inferior
frontal and subcallosal gyri (i.e. BA25/44; Ke/vo1. = 63/504 mm3, p = 0.036). Significant
decreases in the right hemisphere were seen in the precentral gyrus (BA6; Ke/vo1. = 70/560

mm3, p = 0.021), in the cuneus and precuneus (BA19; Ke/vo1. = 159/1272 mm3, p < 0.001), in
the medial frontal gyrus (BA10; Ke/vo1. = 1336/10688 mm3, p < 0.001), and in a cluster

comprising the insula and the precentral gyrus (BA43/52; Ke/vo1. = 322/2576 mm3, p < 0.001).

Moreover, significant decreases were observed bilaterally in a number of clusters involving
the middle temporal gyrus (BA39 & 21; Ke/vo1. = 99/792 mm3, p = 0.033; Ke/vo1. = 196/1568

mm3, p < 0.001; Ke/vo1. = 145/1160 mm3, p < 0.001; & Ke/vo1. = 59/472 mm3, p = 0.049), the

lingual gyrus (BA19; Ke/vo1. = 83/664 mm3, p = 0.008 & Ke/vo1. = 66/528 mm3, p = 0.029), and
the cerebellum (i.e. uvula and culmen; Ke/vo1. = 74/592 mm3, p = 0.016 & Ke/vo1. = 201/1608

mm3, p < 0.001).
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Figure 5.23: Statistical parametric map of voxels of increased activation in depressed
patients (i.e. N = 9) associated with the linear increase in difficulty of the n-back task -

Experiment two: Correct responses only (random effects).

Figure 5.24: Statistical parametric map of the voxels of decreased activation in depressed
patients (i.e. N = 9) associated with the linear increase in difficulty of the n-back task -

Experiment two: Correct responses only (random effects).
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Figure 5.25: Increased (red colour scale) and decreased (blue colour scale) in patients with
increasing task difficulty - Experiment two: Correct responses only (random effects; p corrected
^ 0.05). Mean increased and decreased activations are superimposed on normalised, mean

EPI image (as before).

165



5.7.3 Comparison of areas of significant activation between patients and controls during

performance of the n-back task: Correct responses only

The contrasts that were calculated to compare the cortical activation of patients and controls
on correct responses only revealed no significant differences between groups (see Figure

5.24). As with the other contrasts, this comparison was concerned with those activations

associated with the linear increase in task difficulty. However, additional comparisons of
the relative activations of the two groups at the various levels of the task also revealed no

statistically significant differences between the groups when comparing correct responses

only.

Figure 5.26: Statistical parametric map of the areas of relative increase in depressed
patients (i.e. N = 9) compared to control participants (i.e. N = 9) associated with the linear
increase in difficulty of the n-back task - Experiment two: Correct responses only (random

effects).

m
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Chapter 6: Methodology - Experiment Three
6.1 Design

Experiment three used a counter-balanced cohort design to test the experimental hypotheses

(see Chapter 1: pp 90). As with the previous studies that made up this project, the primary

within-subjects factor in this investigation was the level of difficulty of the n-back task (i.e. 0-

, 1-, 2-, and 3-back). However, in the case of the current experiment, there was also the

additional within-subjects factor of medication status (i.e. medication-free vs. post-

medication).

With respect to behavioural performance, the dependent variables of interest were accuracy

(i.e. percentage of correct responses) and reaction time (in milliseconds) at each level

difficulty of the n-back. The analyses of the behavioural results of participants were

designed to determine the main effect of level of difficulty of n-back and medication status

on measures of performance of the n-back task. Moreover, these analyses also took account
of the potential interaction between level of difficulty and medication status on participant

performance.

As in second study in this series, performance on the n-back task was assessed while

participants underwent BOLD EPI functional neuroimaging. However, in this study

participants underwent two complete scanning trials, i.e. one scan while medication-free and
a second scan following the subacute administration of anti-depressant medication. During
each of these scanning trial participants underwent two separate scanning sessions (i.e.

session 1 vs. session 2). The functional imaging data acquired during both of these scanning
sessions were analysed in order to ascertain the level of cerebral activation associated with

the increasing difficulty of the n-back task, and for relative increases and decreases in

activation associated with the change in medication status. The comparison of functional
activation between conditions was based on the differences in pattern of increased and
decreased activation associated with the linear increase in difficulty of n-back in participants
while medication-free and post-medication. The contrasts relevant for each comparison
were calculated for both first and second scanning session independently, and for the overall

pattern of activation across both imaging sessions.
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6.2 Participants
6.2.1 Participant recruitment

The recruitment and testing of participants in this study were covered by the ethical

approval of the Lothian NHS board, Psychiatry and Psychology Research Ethics Committee,
and by management approval from the board of the Lothian Primary Care NHS Trust.

In a method similar to the previous studies, participants for experiment three were

opportunistically sampled, using a combination of prospective sampling and word of
mouth. Individuals were approached who fulfilled the criteria for inclusion and had

expressed an interest in participation. The criteria for inclusion were the same as the criteria
used to screen control participants in experiment two (see Chapter 4). In addition, it was
also ensured that participants would not be taking any other medication at the proposed
time of participation, which might have interacted negatively with the medication they were

required to take in the current experiment. These criteria resulted in an experimental sample
of participants that were free of any physical or psychological condition such as would have
a potential effect on both the behavioural and functional neuroimaging data, and thus
exclude them from participation in this type of study.

Individuals who volunteered to participate in the study were given an information pack,
which detailed the requirements for participation and the nature of the study (see section

6.3.1). Participants were given a minimum of 48 hours to read this information and to

decide whether they were both suitable for participation and would be willing to take part.

In a similar approach to experiments one and two, it was verbally reiterated to volunteers
that participation was on an entirely voluntary basis, that if they should decide to participate

they were free to withdraw at any time and without giving a reason, and that they should
feel free to discuss participation with any relevant parties, including friends, relative, and
the experimental investigators. While the sample of individuals approached to take part did
include persons known to the researchers no participant was involved in a dependent

relationship with either of the investigators.

Prior to giving consent to participate, volunteers were informed that for taking part in the

study they would receive a cash payment of £50.00. As a result of the number and length of

testing sessions participants were required to complete for this investigation, this payment
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was given as a means to cover expenses incurred as a result of participation. Participants
were further advised that they would receive a proportion of the expenses payment for each

phase of the study that they completed, i.e. £10.00 for the pre-test session and £20.00 for each
functional imaging session. It was thought that be allocating the payment in this manner,

rather than giving a single payment for completing all stages, would prevent participants
from feeling under an obligation to complete the study in order to obtain the payment

Given that this experiment involved giving anti-depressant medication to a non-clinical

population, a stipulation of ethical approval was the provision of information regarding

participation to each participant's general practitioner. The reasons for this were twofold.

Primarily, this measure was included so as to alert GPs to the participation of their patients,
in order that they could notify the investigators of any medical reason for individuals not to
take part in the study. The second reason for this approach was the desire to ensure that
details of participation were appended to an individual's medical records. Therefore, if

during the course of the study or in the future there was any medical relevant outcome

relating to the consumption of the medication used in the investigation then the participant's
doctor would have prior knowledge of the situation.

Once all the necessary information had been obtained from each individual participant a

letter was sent to his or her GP (see Appendix 2). A copy of both the participant

information sheet and the consent form were attached to this letter. The letter informed the

GP that their patient had consented to take part in the study and briefly outlined what
would be expected of the participant. While GP's were not asked to provide the researchers
with any clinical information about the participant they were requested to let the

experimenters know if they had any concerns about their patient participating in the study.

6.2.2 Participant details
From those individuals who volunteered for participation, a sample of ten healthy, right-
handed participants were chosen for participation, based on their ability to meet the relevant
criteria for inclusion (i.e. 3 male and 7 female participants). Prior to participation these
individuals were allocated to one of two experimental cohorts, i.e. Group A or Group B. The

demographics of the two subgroups are outlined in Table 6.1.
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Group (N)
Ratio of
male/female
participants

Age (years):
Mean (s.d) IQ: Mean (s.d)

Years ofeducation: Mean
(s.d)

Group A (5) 1/4 25.6 (2.7) 106.2 (8.0) 15.2 (1.9)
Group B (5) 2/3 23.6 (4.3) 105.8 (8.7) 15.0 (2.7)
Total (10) 3/7 24.6 (3.6) 106.0 (7.9) 15.1 (2.2)

Table 6.1: Demographic details of participants - Experiment three.

6.3 Materials (see Appendix 2)
6.3.1 Recruitment materials

The information pack given to individuals who expressed an interest in participation
contained a copy of each of the following forms:

(a) Exclusion Criteria List
In order to ensure that participants were aware of the criteria for participation they were

given a list of all experimental exclusion criteria (as previously outlined). This list detailed
the physical and psychological criteria that participants were required to meet in order to be
suitable for participation in experiment three.

(b) Information Sheet for Participants
The information sheet prepared for this experiment detailed the aims of the study, the
methods of investigation, and the requirements of participation. The information sheet also

explained what would be expected of individuals who did participate in the project and the

possible effects that participation may have on them

(c) Medication Information Sheet

Although the information sheet for participants did highlight the potential side effects of

taking the anti-depressant medication, participants were also provided with a separate

information sheet containing information relating specifically to the recognized side effects
of escitalopram.

The medication information sheet gave details about the medication that would be used in
the study, i.e. escitalopram, and listed the most commonly experienced side effects
associated with its prescription. The information regarding the previously documented side
effects was adapted from information obtained from the website of company involved in the
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manufacture of escitalopram oxalate in the United States (i.e. www.lexapro.com; accessed

25/10/2002). The information given here not only detailed potential side effects, the

comparative incidence of these side effects in individuals taking escitalopram and those

taking placebo medications were also noted.

(d) Statement on Compensation Arrangement
In order to ensure that participants were completely aware of the compensation policy
associated with the sort of investigation, a separate form was included which outlined the
conditions of compensation for participants involved in research at the University of

Edinburgh. This form was included as part of the requirements of the relevant ethics
committees.

(e) Consent Form
Each information pack also included two copies of the consent form for this study, i.e. one
for the participant to keep and one to be returned to the investigators. This consent form
asked participants to confirm that they had read the information provided and that they
were willing to participate in the project based on this information. It confirmed to

individuals that participation in the study was voluntary, and that they were free to

withdraw at any stage, without giving a reason, and without their legal or medical rights

being affected. In addition, the consent form also asked participants to acquiesce to the

provision of details of their participation to their GP prior to taking part, and to

acknowledge that if necessary their GP would be alerted to the acquisition of clinically
salient information during the course of the investigation.

A practical requirement of the recruitment procedure was the acquisition of personal
information from participants. Therefore, a copy of each of the following forms was also
included in the information pack. Participants were asked to complete each form and return

it, with their consent form, to the investigators.

(f) GP Information Sheet
On this form, participants had to complete name and contact details for their current GP.
(g) Personal Details Form

This form asked individuals to give their name and current contact details.
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Each individual was also asked to provide details of their availability, outlining the dates
and times which they were available for testing. In conjunction with the details of time and

availability limitations of scanning sessions, the availability information for each participant
was used to allocate participants to experimental cohorts.

The final pre-test measure was a medical history questionnaire (see Appendix 2). Given
that it was essential for participants to meet the same inclusion criteria as control

participants in the second investigation of this series, the same version of the medical history

questionnaire that was developed for experiment two was also used in this study.

6.3.2 Behavioural measures

The following sections of this chapter detail those affective and cognitive measures that were

employed in experiment three. More in-depth details of the nature and administration of
measures that were used in this study, which were also employed in experiments one and

two, can be viewed in Chapter 2.

6.3.2.1 Affective assessments

In order to ensure that the results of all of the investigations, which comprised this project,
were consistent and comparable in their data acquisition, the same affective assessments that
were employed in the previous studies were also used in this study.

Thus, the presence/absence of significant current depressive symptomology in participants

at the time as test was assessed using the Beck Depression Inventory (Beck et al., 1961) was
used. While, the Stress Arousal Checklist (Mackay et al., 1978) was used to measure state

stress and arousal, and the Alderley Park State Anxiety Questionnaire (Walker, 1990) was

employed as a measure of state anxiety.

6.3.2.2 Cognitive assessments
National Adult Reading Test (Nelson & Willison, 1991)
The NART was employed in order to estimate full scale WAIS-R IQ in eight of the

participants in the group. However, the remaining two participants both identified
themselves as being dyslexic. Despite the fact that both participants asserted that the level of

impairment they experienced was relatively small, it was assumed that the NARTmight not

provide the most accurate measure of IQ for these individuals. Given that participants were
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already being asked to commit to relatively long testing session it was decided that

conducting a full WAIS-R testing session would be out of the question. Therefore, a

previously used short-form of this IQ test was used instead. The details of this form are as

follows:

Four-Test Short Form WAIS-R

The short-form of the WAIS-R used in this investigation was developed by Reynolds,

Willson & Clark, (1983) as an alternative to the full WAIS-R testing session. Although there
are many different types of short-form WAIS-R assessments that have been conducted, each

using a different selection of subtests, this particular variation provides an estimate of full
scale IQ based on performance on four of the WAIS-R subtests, i.e. 'Information', 'Picture

Completion', Arithmetic', and 'Block Design'.

This form of abbreviated WAIS-R was chosen for this investigation as it has previously been
shown to have a reasonable level of validity. For example, IQ estimates based on Reynolds et
al.'s (1983) short form of the WAIS-R were shown to not differ significantly from the actual
full scale IQ in a population of adults with mild to severe traumatic brain injury (Guilmette

et al., 1999). Thus, it was assumed that this form would not only allow for a significant
reduction in testing time, but would also enable an accurate estimate of full scale IQ in those

participants who had been identified as dyslexic.

Test of Everyday Attention (Robertson et al., 1994)
The same subtests of the TEA that were used in the previous two experiments were also
used in experiment three, i.e. visual elevator and elevator counting with distraction. These
tests were included as measures of selective attention, cognitive flexibility and auditory
verbal working memory.

n-back task

The same version of the n-back paradigm that was developed for the scanning sessions in

experiment two was also used in the experimental sessions of the current study. However, a
new practice version of the task was created, which was designed to take account of the
increased time involved in completion of the stages of this experiment, compared to the

testing sessions of experiments one and two.
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Although we already had the version of the task that was used in experiment one it was felt
that this particular form was rather lengthy for the purposes of this study. There were two
reasons for this. Primarily, participants were already being asked to give up a significant
amount of their personal time and we were keen not to unnecessarily increase this amount
of time. Secondly, given that participants would have to complete the task inside the
scanner on two separate occasions it was decided it would be best to minimise exposure to

the task in order to prevent both significant practice effects and potential boredom with the
task. Therefore, a practice version of the n-back task was designed with the specific purpose
of reducing the time taken to complete participant pre-testing.

Essentially, this was achieved by halving the number of trials of each level of n-back seen in

the original version of the task, i.e. subjects were presented with five blocks each of 1-, 2-,
and 3-back conditions interspersed with blocks of 0-back. As with the version of the task
used in the pilot study each block of n-back only began when participants pressed the

'space' bar. Therefore, the practice run of the task was self-paced, with a minimum run time

of approximately 15 minutes.

Rey Auditory Verbal Learning Test (RAVLT; Rey, 1964; Majdan, Sziklas & JonesGotman,
1996)
In addition to the other cognitive assessments, a novel measure of cognitive function was

included in this study, i.e. the RAVLT (Full details of the administration, scoring, and norms
of the RAVLT can be found in Spreen, 1998). The RAVLT was employed in this study in
order to assess the potential impact of the administration of escitalopram on factors

pertaining to memory and learning. Indeed, this particular measure of has been designed to

assess immediate memory span, novel learning, susceptibility to interference, and

recognition memory (Spreen, 1998).

The variation of the RAVLT that was used was developed by Madjan and colleagues (i.e.

Majdan et al., 1996), and consisted of two lists of 15 nouns each (i.e. List A and List B). The

researcher read aloud the nouns on the first list (i.e. List A), pacing the speed at which they
read in order to ensure a 1 second interval between each noun. After the last noun had been

read participants were given a free-recall test, i.e. they were asked to recall as many items as

they can from the list. The same procedure was then repeated until participants have
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completed five consecutive trials. Once the fifth trial has been completed participants are

read an 'interference' list (i.e. List B), and were asked to recall as many items as they could
from this list. Immediately following the free-recall of List B participants were given a free-
recall test of the items on List A. After an interval of 20 minutes participants were presented
with a list of 50 nouns, containing all items from Lists A and B, and a number of distractor
items. Participants were then asked to highlight those items that they recognised from List A

only.

There are a variety of measures that can be obtained from the RAVLT, e.g. raw score,

number of errors, type of errors etc. However, in this instance participants were allocated a

score based on the total number of items correctly recalled/recognised at each stage of the
assessment. While the number and types of errors that participants make are also noted

they were not used in any of the data analyses in this study.

In order to ensure that there was no confounding effect of practice or long-term memory on

participant's results in their second testing session, two different forms of this measure were
used in the current investigation (i.e. Form 1 and Form 2; see Appendix 2).

Anti-depressant medication

There were two criteria for the choice of antidepressant medication that was used in

experiment three. Primarily, it was felt that the type of medication used should be an

accurate reflection of the types of medication that were being taken by patients in

experiment two, in order to make the findings of the two studies more comparable.

Secondly, ethical considerations dictated that the choice of medication should be one that
would be less likely to induce negative side effects. Therefore, the medication that was
chosen for experiment three was a selective serotonin reuptake inhibitor, escitalopram (also
known as 'Cipralex' (UK) or 'Lexapro' (USA)). Escitalopram is the pure S-enantiomer

(single isomer) of the racemic bicyclic phthalane derivative citalopram (see Figure 6.1).

Escitalopram is a more modern medication than its parent compound, and as such can be
administered in lower effective doses and has reduced side effects. These qualities have
been attributed to the lack of the inactive R-isomer that comprised citalopram.
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Figure 6.1: Chemical structure of escitalopram

Escitalopram is normally administered a film coated, round tablets containing escitalopram
oxalate in strengths equivalent to 10 mg and 20 mg escitalopram base. Participants in this

study were prescribed lOmg tablets. Although this dose is greater than the minimal effective

dosage of 5 mg, it was felt that as a subacute administration method used in this study, this

slightly higher dose would be more representative of the dose levels seen in patients. The
tablets given to participants also contained the following inactive ingredients: talc,
croscarmellose sodium, microcrystalline cellulose/colloidal silicon dioxide, and magnesium

stearate.

Scanner specifications
All participants were scanned in a 1.5 T GE Signa MRI scanner, which was located at the
SHEFC Brain Imaging Research Centre, at the Western General Hospital, Edinburgh.

BOLD sensitive echo planar fMRI images were acquired with a TR of 2.5 seconds, and a TE
of 40 milliseconds. The flip angle was 90°, with a field of view of 24 cm. In addition, the in

plane resolution was 64 x 64, with a plane orientation that was near axial. All functional
scans were 5mm in thickness with no slice gap, thus a total of 30 slices were obtained. Data

was acquired over two functional sessions, with each functional acquisition being 18

minutes 55 seconds in length.

T2 and T1 weighted structural images were also obtained for each participant. The scanning

parameters used for these structural acquisitions were identical to those employed in the

previous study (see Chapter 4, Table 4.3 for full details).
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6.4 Procedure

6.4.1 Pre-test procedure

As noted, individuals who expressed an interest in participation were given an information

pack a minimum of 48 hours prior to participation. If participants were able to confirm that

they met all of the criteria for inclusion in the study and had read both of the information

sheets, they were asked to complete the three consent forms, the GP information sheet, the

availability form, and the personal details form. They were advised to retain one copy of the
consent form and the information sheets for their own records and to return all other

completed forms to the researchers.

Following completion of each of these pre-test measures participants were allocated to one

of the two experimental groups (i.e. five each to Group A and Group B). Although it would
have been ideal to randomly allocate participants to their sub-groups the relatively small
number of participants and the difficulties associated with scheduling, for both parties,
meant that participants were largely allocated to groups based upon the personal availability
and the availability of the scanner for testing.

Given the potentially sensitive nature of the data that was collected from participants, prior
to commencing the affective and neuropsychological assessments individuals were

reassured that all information about them that was acquired during the course of the study
was entirely confidential and that all data would be coded in such a way as to make their
individual contributions to the data set undecipherable to any persons other than the key

investigators.

6.4.2 Procedure: Group A
6.4.2.1 Phase 1: Pre-scanning assessment

Initially individuals in Group A were invited along for a preliminary assessment phase. For

participants in this group this initial assessment occurred on the same day as the first

scanning session, prior to commencement of scanning (i.e. Day 1). The assessments that

participants completed during this session were as follows:

Pre-test measures

They were asked to complete the medical history and pre-scan questionnaires, in order to
confirm their suitability for participation.
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Affective assessments

Following completion of the pre-test measures, participants undertook the necessary

affective assessments, i.e. the BDI, the SAC, and the APSAQ. Although all participants were
asked to confirm that they had no history of psychiatric illness the BDI was used to indicate

whether, or not, there was any significant current level of depressive symptomology. Based
on the standard rating procedures, a score of 9 or more on this assessment at this stage was

deemed to be indicative of a mild level of depression, and therefore a reason to

automatically exclude an individual from participation. The other affective measures were

simply used to give an indication of state stress, arousal, and anxiety.

These measures were completed at this initial stage in order to provide a baseline measure of
current affective state, which could then be compared to the affective state of participants in
the post-medication condition.

Cognitive assessments

Each individuals WAIS-R full scale IQ was estimated using one of the two methods outlined
above. Completion of the IQ assessment was followed by the two TEA subtests, and the
initial stages of the RAVLT.

The practice version of the n-back task then served as a distracter task between the initial
recall and later recognition phases of the RAVLT. After a period of at least 20 minutes

participants were then asked to complete the RAVLT.

Prescription of medication

Following completion of the various cognitive measures participants met with a medical

practitioner in order to obtain their course of medication. Participants were provided with 7,

10 mg escitalopram oxalate tablets. They were advised to consume one tablet per day for the
next seven days, i.e. commencing the course of medication on the day following the initial
assessment and primary scan phases.

It confirmed with participants that they understood the nature of the medication they
would be taking and that they knew of no reason why they should not take the medication.

Furthermore, they were provided with 24-hour contact details, which they were advised
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they should use to contact the researchers if at any point during the study they felt unwell or
had any concerns.

6.4.2.2 Phase 2: Medication free scan

As already noted above, the first scanning session for individuals in Group A occurred on

the same day as the pre-scanning assessment. Therefore, all the necessary pre-scanning
affective and cognitive assessments had already been completed prior to scanning.

The scanning protocol in this experiment was identical to the protocol in experiment two

(see Chapter 4 for details). In brief, participants completed two BOLD EPI functional MRI

sessions, each lasting 18 minutes 55 seconds. During each session they completed a number
of blocks of each of the various levels of the n-back task. In addition to the attainment of the

functional imaging data, T1 and T2 weighted structural images were also acquired for each

participant.

6.4.2.3 Phase 3: Post-medication scan

On the day that participants took the final dose of escitalopram (i.e. Day 8), and not longer
than 6 hours after they had taken the last tablet, they attended for their second scanning
session.

Prior to scanning participants again completed each of the affective and cognitive
assessments that they had undertook in their first experimental phase (with the exception of
the NART/WAIS-R). Participants first of all completed the initial free recall (both repeated
and interference tests) phase of the RAVLT, i.e. using the second, previously unseen version
of the task. In order to provide individuals with some sort of distracter task, this initial

phase was followed by each of the affective assessments and the two TEA subtests. After an
interval of at least 20 minutes, and completion of the other measures participants were

presented with the recognition phase of the RAVLT.

Additional information obtained from participants at this point included details of the time
at which they had taken the final dose of escitalopram, any side effects they had experienced
while taking the medication, including the frequency and duration of these side effects, and
how severe they felt these side effects to be.
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Blood sampling
On the day of the second scan, and prior to scanning, participants provided a blood sample

(lOmL), which was collected by venipuncture (ante-cubital vein) into lithium heparin. The
date and time of sampling were recorded. Plasma was separated by centrifugation and the

plasma was stored in clearly labelled tubes at -20°C. Plasma was later analysed for total S-

citalopram and total N-desmethylcitalopram (norcitalopram) using high-performance liquid

chromatography. This procedure was carried out by Dr Edgar Spencer and his team at

Guy's and St. Thomas' Hospital, London, UK.

After they had provided the necessary blood sample, participants underwent the second

scanning session. The protocol for this session was exactly the same as for the first session,
with the exception that there was no practice phase inside the scanner.

6.4.3 Procedure: Group B

While the procedure of each of the individual phases, i.e. initial assessment phase,
medication-free phase, and post-medication phase, was identical for participants in Group B,
the phase order was altered.

On day 1, participants attended for the initial assessment phase, after which they were given
their prescription of escitalopram, i.e. lOmg/day for 7 consecutive days. On day 8 (i.e. the
final day on which they took the medication) they attended for their 'post-medication' scan.
A further 7 days later (i.e. day 15) they attended for their 'medication-free' scan.

6.4.4 Data analysis

Full details of the analyses conducted on both the behavioural and functional data can be
seen in Chapter 7. However, in brief, the main analyses were as follows:

6.4.4.1 Behavioural Data

The behavioural data were analysed using SPSS for Windows (Release 11; SPSS Inc.). The
main analyses were two 4x2x2 within group ANOVA's, which considered the effect of
level of difficulty of the n-back task (i.e. 0-, 1-, 2-, or 3-back), medication status (i.e.
medication-free vs. post-medication), and imaging session (i.e. scanning session 1 vs.

scanning session 2), on both accuracy (i.e. mean percentage correct) and reaction time.
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Independent samples t-tests were conducted to compare the performance of participants
between experimental phases (i.e. medication-free vs. post-medication), using the data

acquired for each of the additional cognitive and affective assessments administered to

participants at each stage.

6.4.4.2 Functional Imaging Data

All functional data were processed and analysed using SPM99

(http://www.fil.ion.ucl.ac.uk/spm/). With respect to the preprocessing of functional imaging

data, the same realignment, normalisation and smoothing parameters as were employed in

experiment two were used here (see pp 132-133 for details). The only notable difference in

the preprocessing of imaging data in experiment three was that participants' EPI images
were not co-registered to their T1 structural images. Instead, they were normalised to the
SPM99 EPI template image, omitting a separate co-registration step in preprocessing.

Fixed effects analyses were initially calculated for individual participants in order to

determine linear increases and decreases in cortical activation in individual voxels

associated with the linear increase in the level of difficulty on the n-back task. Fixed effects
contrasts were also constructed for the each of the experimental conditions, i.e. medication-
free and post-medication. Moreover, fixed effects analyses were conducted in order

compare these experimental conditions in terms of relative differences in increases and

decreases in activation associated with increasing task difficulty.

The fixed effects contrasts for each participant were also used to determine the regions of

significant cortical activation in a random effects model of the functional activation
associated with both of the within subjects factors of interest, i.e. level of task difficulty and

experimental condition.

6.4.5.3 Examination of structural images

Although, the structural imaging data was not used for volume calculations, the T1

structural images of all participants were examined for any evidence of significant structural
abnormalities.
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Chapter 7: Results - Experiment Three
7.1 Results of blood sample analysis

Each participant was required to provide a blood sample prior to their post-medication scan,

and after they had taken their final dose. It was ensured that the time of consumption of the
last dose of medication was no longer than six hours before scanning (i.e. mean = 230

minutes, s.d. = 78.59 minutes, minimum = 115 minutes, maximum = 340 minutes).

Blood plasma separated from each sample obtained was analysed for concentration of total

S-citalopram and total N-desmethylcitalopram (norcitalopram), using high-performance

liquid chromatography. The results of this analysis are detailed in Table 7.1 below. All
blood samples were acquired prior to scanning.

Participant
Scan

Number

[S-citalopram]
WL)

[N-
desmethylcitalopram]

(W'L)
020402 20 10

069665 20 nd

295005 10 nd
331262 30 10

387931 20 10

388264 20 nd
392777 30 10

394514 20 10

394515 20 nd

394534 20 10

Table 7.1: Concentration of citalopram and desmethylcitalopram detected in blood serum
samples from participants in experiment three. (Note: nd = not detected, concentration

below limit of accurate measurement of 10 pg/L).

7.2 Behavioural Results

7.2.1 Affective Assessments

Paired samples t-tests on each of the affective measures revealed that medication had no

effect on mean BDI score (i.e. t <9> = -1.60, p = 0.145), mean stress score (i.e. t (9) = 1.08, p =

0.155), nor mean arousal score (i.e. t (9) = -0.36, p = 0.365). However, there was a significant
difference between medication-free and post-medication scores on the APSAQ (i.e. t <9> = -

2.17, p = 0.029).
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Medication Free PostMedication Paired

Mean (s.d.) Min-Max Mean (s.d.) Min-Max Difference:
Mean (s.d)

BDI

SAC

Stress

2.00 (2.91)

7.70 (1.06)

0-9

5-9

3.60 (3.307)

7.30 (1.494)

0-10

5-9

-1.60(3.17)

.40(1.17)

SAC

Arousal

APSAQ

6.00 (2.16)

16.50 (3.03)

1-9

12-22

6.30 (1.889)

19.30 (3.173)

3-10

13-24

-.30(2.67)

-2.80(4.08)

Table 7.2: Mean scores and distribution of scores on each of the affective measures in

experiment three: Medication free vs. post-medication

In order to determine whether these results were the result of the medication or whether

there was a confounding effect of scanning session (i.e. first vs. second scan irrespective of
medication status), further paired t-tests were carried out.

The results of this additional set of analyses were also indicative of no effect of scanning
order on measures of depression (i.e. BDI: t (9) = 1.60, p = 0.145), stress (i.e. t (9> = 0.51, p =

0.619), or arousal (i.e. t (9) = -0.12, p = 0.909) scores. In addition, there was no observed

significant difference between the average scores for participants on the APSAQ between the
first and second test sessions, irrespective of medication status (i.e. t (9) = 0.78, p = 0.456).

Therefore, it can be concluded that subacute administration of escitalopram had no

significant effect on the presence of depressive symptoms in participants. Similarly,

escitalopram appeared to have little or no effect on the level of state stress or arousal that

participants experienced on each of the testing occasions. However, the converse was found
to be true for levels of state anxiety. Indeed, the consumption of escitalopram for 7 days
resulted in an increase in state anxiety in participants, as indicated by the relative increase in

APSAQ scores between the medication free and post-medication testing sessions. The

failure to find a significant difference in the average APSAQ scores between first and second

scanning trials, without regarding medication status, indicates that the increase in anxiety in

attributable to the administration ofmedication, rather than an effect of repeat testing.
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7.2.2 Test of Everyday Attention
Additional paired samples t-tests were carried out in order to compare the relative

performance of participants in the medication-free and post-medication experimental
conditions on each of the measures of TEA subtests used in this study.

7.2.2.1 Elevator counting with distraction
The administration of escitalopram had no effect on the performance of participants on the
elevator counting with distraction task. This was true for both the raw and scaled accuracy

scores on this measure (i.e. t (9) = -0.56, p = 0.591 and t p> = -0.74, p = 0.479, respectively).

7.2.2.2 Visual elevator

7.2.2.2.1 Accuracy
As with the elevator counting with distraction task, there were no significant differences in

participant performance in medication-free and post-medication conditions on the accuracy

measure on the visual elevator subtest. Again, this was observed in the analysis of both raw
and scaled score (i.e. t (9) = 0, p = 1.00 and t (9> = 0.568, p = 0.584, respectively).

T3
0J

s

Med Free Post Med

Medication Status

Figure 7.1: Comparison of mean scaled scores for the elevator counting with distraction and
visual elevator tasks - Experiment three: Medication free vs. post-medication condition.

7.2.2.2.2 Timing

Similarly, the experimental manipulation of medication status did not have a significant
effect on the timing score on the visual elevator task. A series of t-test analyses revealed no
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significant difference between conditions in the mean time (in seconds) per attentional
switch (i.e. t <9> = -0.963, p = 0.361), nor in the mean scaled score for reaction time (i.e. t <9> =

0.745, p = 0.475).
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Figure 7.2: Mean reaction time (seconds) per
attentional switch on the visual elevator task -

Experiment three: Medicaion-free vs.
post-medication conditions (i.e. N= 10)
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Figure 7.3: Mean scaled score on the visual
elevator task - Experiment three: Medication-free
vs. pos-medication condiions (i.e. N = 10)

To determine that there was no confounding effect of the order of testing session on the

outcomes of the previous statistical analyses, first and second session scores for each of the
TEA subtests were compared for differences in mean score, irrespective ofmedication status.

The results of these paired samples t-tests were indicative of no significant difference
between first and second scanning sessions on the accuracy measures on both the elevator

counting with distraction and visual elevator tasks, i.e. for raw and scaled scores.

While there was evidence of a significant difference between the first and second test

sessions for the raw timing score on the visual elevator task (i.e. t (9> = 4.147, p = 0.002), the

comparison of scaled timing scores was non-significant.

Therefore, it may be concluded that the administration of escitalopram to normal healthy
volunteers had no significant effect upon the cognitive performance of participants on

measures of selective attention, cognitive flexibility, and auditory verbal working memory.

Although there was an indication that there may have been an order effect of testing session

on the psychomotor function of participants, based on observed differences in raw timing

scores, analysis of the scaled scores revealed no difference. Thus, suggesting that the
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psychomotor performance of participants was consistent between experimental conditions,
and between first and second test sessions, irrespective of medication status.

7.2.3 Rey Auditory Verbal Learning Test

The first analyses carried out on the RAVLT data were designed to ascertain whether there
was a significant difference in the mean number of items recalled on each learning trial
between medication-free and post-medication conditions. The results of these analyses (i.e.

paired samples t-tests) were indicative of analogous performance of participants between
the experimental conditions on each of the learning trials of the RAVLT. In addition, there
was no significant effect of medication status on the mean number of items recalled on the

other measures on this task, i.e. interference, delayed recall, and recognition trials.

The number of items recalled is not the only measure of performance that can be derived
from data obtained during performance of the RAVLT. An additional measure that is

available to investigators is the effect of interference - i.e. the effect of the interference trial
list on recall in the subsequent recall condition. The degree of interference experienced by

participants is a further indicator of the level of difficulty experienced by participants during

performance of the task. Therefore, further analyses were conducted in order to determine
whether escitalopram had any significant impact on this interference effect.

The difference between scores on trial 5 and the delayed recall trial were calculated for each

participant, for medication-free and post-medication test sessions. A paired samples t-test

was then conducted to determine whether there was any significant difference between

experimental conditions. However, the results of this analysis were indicative of no

significant difference in interference in the different experimental conditions (i.e. t (9) = 0.10, p
= 0.924).

As with the other measures, a series of paired samples t-tests were carried out to determine
whether there was any significant effect of test session on participants' scores on the RAVLT,

irrespective of medication status. While there were no significant differences observed
between first and second session test scores for the five learning trials on the RAVLT, there
was a significant difference in the number of correctly recalled items between the first and
second sessions on the delayed recall and recognition trails (i.e. t (9) = 3.431, p = 0.008 and t <9>
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= 2.433, p = 0.038, respectively). In both instances the number of items correctly recalled was

greater in the first test session. However, if we correct for multiple comparisons, using a

Bonferroni correction, then this latter significant finding should be deemed non-significant.

Thus, indicating that the only significant effect of test session is on the mean number of
items correctly recalled in the delay recall trial of the RAVLT.

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Interference trial Delayed trial Recognition
RAVLT Condition

Figure 7.4: Mean number of items correctly recalled at each stage of the RAVLT task -
Experiment three: Medication free vs. post-medication test conditions (i.e. N = 10).

Therefore, while it would appear that the course of escitalopram taken by the participants

had no effect on either verbal learning or on interference, it does seem that there was an

effect of session on the delayed recall of verbal material. However, rather than exhibiting a

positive practice effect with repeated testing, participants performance on the levels of the
task that tested retention of items was impaired by repeated exposure to this test.

7.2.4 n-back task

In order to establish the effect of medication status on performance on the n-back task (i.e.

both accuracy and reaction time) two 2x2x4 (i.e. medication status, scan session, and level
of n-back) within-subject ANOVAs were carried out.

7.2.4.1 Accuracy

Although there was further evidence in this experiment of the significant main effect of the
level of difficulty of the n-back task (i.e. F <1.475,13.274) = 8.260, p = 0.008), the initial ANOVA

analysis revealed no significant main effect of medication status on performance accuracy on
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the n-back task (i.e. F <i,9> = 0.02, p = 0.808). Moreover, there was no significant main effect of

scanning session (i.e. F (1,9) = 0.69, p = 0.428), and no significant interactions between any of
the factors of interest.

With regards to within-subjects contrasts, there was a significant linear contrast associated
with the level of difficulty of n-back (i.e. F <i,9) = 12.32, p = 0.007). Furthermore, the reverse

Helmert contrasts between 1- and 0-back, 2- and 1-back, and 3- and 2-back levels of task

difficulty were all statistically significant (i.e. F <i,9> = 5.25, p = 0.048, F <i,9) = 11.02, p = 0.009, F

(i,9) = 8.44, p = 0.017). All other within-subjects contrasts failed to reach statistical

significance.

Post-hoc paired sample t-tests revealed a significant difference between mean performance
between 0- and 1-back levels of the task (i.e. t (9> = 2.29, p = 0.024) and between the 2- and 3-

back task levels (i.e. t <9> = 2.46, p = 0.018), but no significant difference between the

performance outcomes of participants on the 1- and 2-back task levels (i.e. t (9) = 1.50, p =

0.0845). However, if we correct for multiple comparisons using the Bonferroni method of

correction, then all post-hoc findings associated with accuracy outcomes between the levels
of n-back fail to reach significance.

7.2.4.2 Reaction time

The second within subjects ANOVA for performance on the n-back task (i.e. reaction time)
was also indicative of no significant main effect of medication status (i.e. F (i,9> = 0.09, p =

0.766). On the other hand, there was a significant main effect of the level of n-back (i.e. F(i.726,

15.538) = 48.67, p <0.001) and a significant main effect of scanning session (i.e. F (i,9) = 9.47, p =

0.013). Moreover, the interaction between these two factors was also significant (i.e. F <3,27) =

6.83, p = 0.001).

Significant linear contrasts were noted for session (i.e. F (1,9) = 9.47, p = 0.013), level of n-back

(i.e. F (i,9) = 73.61, p <0.001), and for the interaction between these factors (i.e. F (1,9) = 16.29, p =

0.003). There was also a significant quadratic contrast for the level of n-back (i.e. F (1,9) =

19.35, p = 0.002) and significant reverse Helmert contrasts between 1- and 0-back (i.e. F (1,9) =

32.89, p < 0.001), between 2- and 1-back (i.e. F 0,9) = 52.98, p < 0.001) and between 3- and 2-
back (i.e. F (1,9) = 77.50, p < 0.001).
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N-back

Figure 7.5: Mean percentage correct at each level of n-back - Experiment three: Medication
free vs. post medication conditions (i.e. N = 10)

N-back

Figure 7.6: Mean reaction time (ms) at each level of n-back - Experiment three: Scanning
session 1 vs. session 2.

In order to determine the nature of these significant effects, the mean reaction time for
session 1 and session 2 across both scans was calculated, and a series of paired samples t-
tests were carried out.

A significant difference between the mean reaction times for 0-back between session 1 and
session 2 was noted (i.e. t <9> = 4.74, p = 0.001). It was found that participants' reaction times
for 0-back stimulus items in session 2 were quicker than in session 1. Nonetheless, there was

no significant difference noted between sessions 1 and 2 for the other levels of n-back.
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Paired samples t-tests were also conducted to compare the mean reaction time for each level
of n-back, irrespective of medication status and scanning session. Significant differences
were observed in mean reaction time between 0- and 1-back (i.e. t p> = 5.74, p < 0.001),
between 1- and 2-back (i.e. t (9) = 3.20, p = 0.011), and between 2- and 3-back (i.e. t (9> = 5.80, p <

0.001). These results were still statistically significant after correction for multiple

comparisons (i.e. Bonferroni).

In order to determine whether there was any effect of test session, irrespective of medication

status, two 2x4 within-subject ANOVAs were carried out, in which the factors of interest
were scanning session (session 1 vs. session 2) and level of n-back. As with the main
ANOVA analyses, one analysis considered the effect upon percentage correct, while the
other looked at reaction time.

These analyses revealed a significantmain effect level of n-back on both accuracy (i.e. F (3,27) =

11.62, p < 0.001) and reaction time (i.e. F <1.779,16.012) = 53.86, p < 0.001). However, there was no

significant main effect of test session, and no interaction between these two factors.

With regards to the main factor of interest in this study (i.e. medication status), it can be
concluded that the consumption of escitalopram had no significant effect on either the

accuracy or reaction times of participants on the n-back task. Therefore, implying that the
subacute administration of SSRI medication had no impact upon the integrity of working

memory function in a sample of normal healthy adults.

However, the level of difficulty of the n-back task had a significant effect on both accuracy

and reaction time, irrespective of medication status or scanning session. More specifically,

participant's accuracy declined between the baseline level of the task (i.e. 0-back) and the
first of the working memory levels of the task, and between 2- and 3-back levels. This
decline in mean percentage correct was accompanied by a relative decrease in reaction time.

Thus, implying an inverse relationship between perceived difficulty and psychomotor

performance, i.e. as the task got more difficult participants reactions to stimulus items were

faster.
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7.2.5 Correlations with cognitive performance
7.2.5.1 Medication-free condition

Although there was no evidence of affective abnormality in the participants in either

experimental phase, with the exception of state anxiety, analyses were conducted in order to
determine whether there was any relationship between the affective state of participants in
the medication-free condition and performance on the various cognitive tasks.

The results of a series of bivariate correlations revealed that the only significant associations
between affect and cognitive performance in this study were a significant positive

correlation between score on the APSAQ and percentage correct on the 3-back level of the n-
back task (i.e. r = 0.73, p = 0.016), and between BDI score and number of items correctly
identified on the 'delayed recall' and 'recognition' levels of the RAVLT (i.e. r = 0.67, p = 0.034
and r = 0.67, p = 0.036, respectively). All other correlations failed to reach significance.

7.2.5.2 Post-medication condition

A similar series of correlations were conducted to compare the same measures in the post-

medication condition. Moreover, the concentration of citalopram as measured from the
blood plasma of participants was also included in these analyses.

Significant positive correlations were noted between post-medication BDI and number of
items correctly recalled on the second, third, fourth, and interference recall conditions of the
RAVLT (i.e. r = 0.80, p = 0.006; r = 0.75, p = 0.013; r = 0.72, p = 0.020; and r = 0.76, p = 0.011,

respectively), and between APSAQ score and the number of items correctly recalled on the
third and fourth recall conditions of the RAVLT (i.e. r = 0.77, p = 0.009 and r = 0.73, p < 0.016).

All other correlations between affective measures and cognitive performance in the post-

medication condition failed to reach statistical significance.

7.3 Structural imaging results

Examination of the structural scans (i.e. T1 weighted EPI) revealed no significant
abnormalities in any of the participants in this study. Therefore, all participants were

included in the analyses of the BOLD EPI functional imaging data.
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7.4 Functional imaging results

As with the previous study, all data were analysed using SPM99. Following spatial

transformation of the images fixed effects contrasts were calculated for each participant.
Contrasts were calculated for the changes in the level of activation across the cortex

associated with the linear increase in difficulty of the n-back task, i.e. block-design. Both
increase and decrease contrasts were calculated.

Random effects contrasts were calculated using the individual fixed effects contrasts. More

specifically, contrasts were calculated for the mean increases and decreases in activation
with the parametric increase in the level of difficulty of n-back for both within and between

conditions (i.e. independent sample t-test and ANOVA, respectively).

Significant clusters of activation were defined as those with a corrected probability level of
less than or equal to 0.05. Following identification of the significant clusters of activation the
co-ordinates of the local maxima of activation were converted from MNI to Talairach

stereotactic space, i.e. using the same non-linear transformation as in the previous

experiment. The neuroanatomical descriptions of the locations of the significant clusters
were determined using the Talairach Daemon Database.

The following sections summarise the outcomes of the imaging analysis pertaining to those

regions showing alterations in the level of activation with the increase in difficulty of n-back
in the medication-free and post-medication conditions, and the relevant differences between
conditions. However, full details of the results of the functional imaging data in this study
can be viewed in Appendices 3C and 3D.

7.4.1 Pattern of activation observed during performance of the n-back task: Medication-
free

With the linear increase in difficulty in the n-back task significant increases were noted in a

number of regions of cortex (see Figure 7.7). A significant cluster of increased activation was

observed in the left hemisphere in a region comprising both superior and inferior parietal
lobes (BA7/40; Ke/vo1. = 3064/24512 mm3, p < 0.001). In addition, a significant increase was

seen in bilateral activation in the middle and superior frontal gyri (BA6, 46 & 8; Ke/vo1. =
728/5824 mm3, p < 0.001; Ke/vo1. = 583/4662 mm3, p < 0.001; Ke/vo1. = 622/4976 mm3, p < 0.001;
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and Ke/vo1. = 118/944 mm3, p = 0.013) and in the right cerebellum (i.e. pyramis; Ke /vol.=

189/1512 mm3, p = 0.001).

Significant decreases were noted in medication-free participants in the left hemisphere in the
middle and inferior frontal gyri (BA11; Ke/vo1. = 92/736 mm3, p = 0.04), the superior frontal

gyrus (BA8; Ke/vo1. = 478/3824 mm3, p < 0.001 and Ke/vo1. = 102/816 mm3, p = 0.026), the

angular and middle temporal gyri (BA39/21; Ke/vo1. = 206/1648 mm3, p < 0.001), and in an

additional cluster of activation comprising the claustrum and the superior temporal gyrus

(BA 22/21; Ke/vo1. = 498/3984 mm3, p < 0.001). Significant decreases were also seen in the

right pre- and postcentral gyri (BA4; Ke/vo1. = 142/1136 mm3, p = 0.005), cerebellum (i.e.

oilmen; Ke/vo1. = 122/976 mm3, p = 0.011), and in the parahippocampal and superior

temporal gyri (BA35/38; Ke/vo1. = 1057/8456 mm3, p < 0.001). In addition, in the medication-
free condition there were a number of significant decreases in a number of inter-hemispheric
clusters. The local maxima of these clusters were as follows: lingual gyrus (BA18; Ke/vo1. =

2835/22680 mm3, p < 0.001), middle occipital gyrus (BA18; Ke/vo1. = 859/6872 mm3, p <

0.001), and the medial frontal gyrus (BA6; Ke/vo1. = 910/7280 mm3, p < 0.001).

7.4.2 Pattern of activation observed during performance of the n-back task: Post-
medication

Following the subacute administration of escitalopram, significant increases in activation
were noted the left hemisphere increased in the insula (BA43/52; Ke/vo1. = 256/2048 mm3, p <

0.001) and in a cluster involving the inferior and superior parietal lobules and the precuneus

(BA7; Ke/vo1. = 3767/30136 mm3, p < 0.001). Significant increases were also seen in the right

hemisphere in the insula and inferior and middle frontal gyri (BA43/52/47,9, & 6; Ke/vo1. =

205/1640 mm3, p < 0.001; Ke/vo1. = 62/496 mm3, p = 0.054; and Ke/vo1. = 556/4448 mm3, p <

0.001), and in two interhemisphic clusters - i.e. both comprising the superior and middle
frontal gyri (BA 10 & 6; Ke/vo1. = 333/2664 mm3, p < 0.001 and Ke/vo1. = 844/6752 mm3, p <

0.001).

Conversely, significant decreases in activation with increasing level of difficulty of n-back
were found in the left hemisphere in the middle temporal and angular gyri (BA39; Ke/vo1. =

242/1936 mm3, p < 0.001), the lingual gyrus (BA18; Ke/vo1. = 64/512 mm3, p = 0.048), and the

hippocampus (Ke/vo1. = 172/1376 mm3, p < 0.001). A significant decrease was also observed
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in the right hemisphere in cingulate gyrus (BA24; Ke/vo1. = 102/816 mm3, p = 0.004). As with
the clusters of increased activation, decreased activation was noted in interhemispheric

clusters, i.e. in the superior frontal gyrus (BA8; Ke/vo1. = 1779/14232 mm3, p < 0.001), the
cuneus (BA18/19; Ke/vo1. = 233/1864 mm3, p < 0.001), and the cingulate gyrus (BA24/31;

Ke/vo1. = 2016/16128 mm3, p < 0.001).

Figure 7.7: Statistical parametric map of voxels of increase activation associated with the
linear increase in difficulty of the n-back task in the medication-free condition - Experiment

three: Random effects.

Figure 7.8: Statistical parametric map of voxels of decreased activation associated with the
linear increase in difficulty of the n-back task in the medication-free condition - Experiment

three: Random effects.
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Medication free: block design

Figure 7.9: Increased (red colour scale) and decreased (blue colour scale) activation
associated with the linear increase in difficulty of the n-back task in the medication-free
condition - Experiment three: Random effects. The patterns of activation have been

superimposed on a normalised, mean EPI image (details as before).
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Figure 7.10: Statistical parametric map of voxels of increased activation associated with the
linear increase in difficulty of the n-back task during the post-medication condition -

Experiment three: Random effects.

Figure 7.11: Statistical parametric map of voxels of decrease activation associated with the
linear increase in difficulty of the n-back task in the post-medication condition: Random

effects.
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Post medication: block design

Figure 7.12: Increased (red colour scale) and decreased (blue colour scale) associated with
the linear increase in difficulty of the n-back task during the post-medication condition -

Experiment three: Random effects. The patterns of activation have been superimposed on a
normalised, mean EPI image (details as before).
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7.4.3 Comparison of the observed pattern of activation between medication free and post-
medication conditions

The random effects contrasts for the comparison of relative activation between the
medication-free and post-medication conditions revealed no clusters of statistically

significant different activation (see Figures 7.15 and 7.16). Yet, despite the lack of significant
random effects, the fixed contrasts revealed clusters of activation that were significantly
different between the two experimental conditions (see Appendix 3A for full details). Given

that participants acted as their own controls it is likely that the fixed effected differences
between conditions may reflect genuine medication related effects on cortical activation, but
which are effected by the reduced statistical power resulting from the use of a relatively
small sample, and by the increased conservativeness of the random effects analysis.

In the fixed effects contrasts, a significant increase was seen in gray matter in the left

hemisphere in a cluster which involved anterior cingulate and middle frontal gyrus (BA24;

Ke/vo1. = 280/2240 mm3, p = 0.008) - i.e. the level of activation in this region was relatively
more increased in participants in the medication-free condition compared to the post-

medication condition.

Conversely, a statistically significant relative decrease in the medication-free condition was

observed in the left middle occipital gyrus (BA19; Ke/vo1. = 195/1560 mm3, p = 0.040), the

right superior temporal gyrus (BA42; Ke/vo1. = 442/3536 mm3, p < 0.001), and the right
cerebellum (Ke/vo1. = 212/1696 mm3, p = 0.029).

Figure 7.13: Statistical parametric map of the voxels of relatively increased activation in the
medication-free compared the post-medication condition, i.e. associated with the linear

increase in difficulty of the n-back task - Experiment three: Fixed effects.
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Figure 7.14: Statistical parametric map of the voxels of relatively decreased activation in the
medication-free compared to the post-medication condition, i.e. associated with the linear

increase in difficulty of the n-back task - Experiment three: Fixed effects.

Figure 7.15: Statistical parametric map of voxels of relative increase in the medication-free
condition compared to the post-medication condition, i.e. associated with the linear increase

in difficulty of the n-back task - Experiment three: Random effects.
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Figure 7.16: Statistical parametric map of voxels of relative decrease in the medication-free
condition compared to the post-medication condition, i.e. associated with the linear increase

in difficulty of the n-back task - Experiment three: Random effects.
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Additional analyses were conducted to aid the interpretation of the data outlined about. In
order to determine whether any effect observed between the two experimental conditions

was genuinely due to the effect of medication a random effects contrast was calculated

whereby participants first scan was compared with their second scan irrespective of
medication status. Furthermore, we sought to establish whether the failure to observe any

significant effects in the random effects comparison was the result of outliers in the data. In
order to achieve this an image was created for each participant that was equal to the
difference in activation between the medication-free and post-medication images for the

changes in activation associated with the parametric increase in difficulty of n-back. These

images were then utilised to calculate a one-sample t-test for the mean difference in levels of
activation between the two conditions, rather than comparing the means of the two

conditions, which would be readily distorted by outliers in the data set. Both of these

analyses revealed no statistically significant clusters of activation.

Therefore, the outcomes of the analyses of functional imaging data are indicative of a reliable
activation in areas cortex previously identified as being sensitive to manipulations in

working memory task, including a number of frontal and parietal regions. However, there
does not appear to be any significant effect of the subacute administration of escitalopram on

metabolic activity, as measured using BOLD fMRI, during performance of the parametric

working memory task. Nonetheless, the results of the fixed effects comparisons of

participants in the medication-free and post-medication conditions does indicate a potential
medication mediated effect on activation in the anterior cingulate, as well as more posterior
cortical regions.
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Chapter 8: Summary, discussion, and conclusions
8.1 Summary of experimental findings
The first section of this chapter will review and summarise the key observations from the
series of investigations that comprised this project. Given the volume of data resulting from
these studies, the outcomes of each separate study will initially be considered independently
of the others.

8.1.1 Experiment one

The main aim of the first experiment was to determine whether individuals with a diagnosis
of major depression would experience a deficit in working memory function, in comparison

to a sample of matched healthy controls. In addition, this study was also concerned with the

performance of depressed patients and normal controls on other measures of executive

function, including assessments of cognitive flexibility and selective attention.

Experimental limitations

Although both the HRSD and the BDI assessments were indicative of a significant level of
current depression in the patient sample in this study, it is important to recognise the
limitations imposed by not employing a structured diagnostic interview in order to establish
the psychiatric profile of patients. The reliance on the diagnosis of individual physicians

may have confounded the outcomes due to the possibility of individual differences in

diagnosis, and even the possibility of misdiagnosis. The use of a diagnostic interview may

have been useful in ensuring the reliability of the assertion that patients were indeed

suffering from MDD and may have aided in establishing the psychiatric homogeneity of the

patient sample.

In comparison to a number of previous investigations the patients who participated in this

study were relatively young, and on average appeared to be suffering from chronic

depression (i.e. the average length of current depressive episode = 13.9 months). Given the

potential limitations imposed by each of these factors, it is important to bear both of these
factors in mind when interpreting the outcomes of this investigation. Previous

investigations are indicative of a qualitative difference in the cognitive profile of different

age-based cohorts of depressed patients (e.g. Elliott, 1998). Similarly, there is the possibility
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of significant differences in the cognitive presentation of depressed patients based on the
duration and severity of illness (see section 1.1 for a review).

The lengthy duration of depressive episode and the relatively young age of participants may
be indicative of a comparatively young age of onset of first episode of depression in the

patients who took part in this study, which may also have had a significant impact on the

pattern of neuropsychological function noted in this group. The relevant background
literature does support the notion of a significant relationship between the age of onset and

performance on measures of executive function (i.e. Grant et al., 2001), thus making this of

particular concern in the interpretation of the findings of this study.

While both of these factors do not necessarily impact upon the reliability of the observations
made in this investigation, it is imperative to note that the relatively young age of the patient

sample and the chronic nature of their presentation may make the findings of this study

specific to this sub-group of depressed patients.

Affective profile

Depressed patients who were selected to participate in the experiment one were individuals
with a diagnosis of MDD. The results of the psychometric measures of depression used in
this study, i.e. the BDI and the HRSD, were indicative of a significant level of depression in

patients who participated in the experiment (i.e. mean score 33.25 and 23.90, respectively).

Moreover, the experience of major depression in patients was associated with a significant
increase in the subjective level of state stress, arousal, and anxiety (i.e. as determined by the
SAC and APSAQ affective indices).

The normal psychiatric state of the healthy volunteers was determined with the use of the
same affective assessments, with the exception of the HRSD. Levels of state stress, arousal,
and anxiety were also significantly smaller in the controls compared to the depressed

patients, and all controls scored within the 'normal' range of the BDI. Indeed, controls'
scores were almost exclusively in the normal range on all affective measures.
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Cognitive profile

The differences in the affective profile of the patients and controls were associated with a

range of discrepancies in performance on the measures of executive function that were

employed in experiment one.

Depressed patients were found to be significantly impaired in the accuracy measures of the
elevator counting and visual elevator subtests of the TEA. Thus, indicating a significant

depression associated dysfunction of selective attention, attentional switching, and cognitive

flexibility. Moreover, the average time taken to make attentional switches on the visual
elevator task was significantly increased in depressed patients, which was indicative of a

degree of psychomotor slowing associated with the experience ofmajor depression.

The primary measure of executive function in experiment one was the parametric working

memory task that participants were required to undertake, i.e. the n-back task. The

parametric increase in the number of items to be recalled on the n-back task resulted in the

predicted increase in the perceived difficulty of the task in both patients and controls.

Indeed, both post-hoc analyses and a priori contrasts revealed a significant decrease in

performance with each incremental increase in task difficulty in both experimental groups.
The effect of the level of difficulty of n-back was evident not only in the significant main
effect of n-back on the mean percentage of items correctly recalled at each level of task

difficulty, but also in the significant linear contrast for the effect of the parametric

manipulation of cognitive load on accuracy.

With regards to the relative performance of depressed patients and healthy controls on the
n-back task, there was an apparent depression associated deficit in accuracy on the n-back
task. This was evident in the lower levels of the number of correct responses in patients at

all levels of the task. The lack of a significant interaction between participant group and

percentage of correct items at each level of n-back was suggestive of a dysfunction in

working memory in depressed patients that was consistent in nature, i.e. the discrepancy in
the accuracy of patients and controls did not alter disproportionately as the difficulty of the
n-back task was increased.
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The disparity in the performance of depressed patients and controls was also evident in

participants' reaction times on the n-back task. There was a significant effect of affective
status on mean reaction time at each level of n-back, which was evident in the longer
reaction times of depressed patients, compared to controls, at all levels. In addition, there
was also a significant interaction between participant group and level of n-back, suggesting
a disproportionate effect of task difficulty on reaction time in the two experimental groups.

However, post-hoc analysis indicated that this interaction effect was the result of a relative

speeding up of responses in all participants between 0- and 1-back conditions of the task.

The post-hoc analysis of participants' reaction time data also aided in the interpretation of
the main effect of n-back that was observed in experiment one. The analysis failed to find a

statistically significant difference in the mean reaction times of all participants between the

subsequent levels of the task (i.e. 1- vs. 2-back, and 2- vs. 3-back). This observation suggests

that the noted main effect of n-back was the consequence of the discrepancy in reaction time

between the first two levels of the task, rather than an effect of the increase in cognitive load
across all tasks levels.

An important discrepancy that was identified in the profile of depressed patients and
controls was a significant difference in the mean NART estimated IQ scores of the two

participant groups. To determine the potential effect of this difference upon the previously
observed outcomes, the analyses for the n-back data were recalculated including estimated

IQ as a covariate.

The inclusion of IQ in the ANCOVA analysis did not effect the previously observed

depression associated deficit in terms of accuracy on the task, but did result in a failure to

observe a significant main effect of the level of difficulty of n-back. Post-hoc analysis of the
data revealed that there was only a significant association between mean accuracy on the 0-
back levels of the task and participant IQ, thus, suggesting that at baseline levels of the task

factors that are related to IQ may play a more significant role in participant performance
than aspects of executive function. All other correlations between the performance at the
additional levels ofN and IQ were not significant.
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Further post-hoc analysis of the relative performance of participants at each level of the n-

back task (i.e. one-way ANCOVAs, with IQ as a covariate) revealed that there was a

significant difference between the mean accuracy of depressed patients and controls at the 1-

and 2-back levels of n-back, and a trend towards a significant difference at the 3-back task
level. This observation indicates that the previously noted discrepancy in the performance
of patients and controls at the 0-back level of the task was confounded by factors related to

participant IQ, such as psychomotor ability.

Controlling for IQ in the analysis of reaction times on the n-back task produced a similar

pattern of results. The inclusion of IQ as a covariate in the analyses resulted in a failure to

find a significant main effect of n-back in both participant groups. However, if we consider
the findings of the previous analysis of average reaction time on the n-back task, this is

apparently only a reversal of the effect of n-back on reaction time on 0-back trials. There was
also a significant effect of depression on reaction time, despite controlling for IQ in this

analysis, in conjunction with a significant interaction between participant group and level of

difficulty of n-back. Post-hoc ANCOVAs revealed that the experience of depression had a

significant effect on reaction time, resulting in differences between patients and controls on
all levels of the n-back task, even after controlling for the discrepancies in the mean IQ of the
two groups.

The results of these analyses suggest that participant IQ is an important mediating factor in

performance of the n-back task, but only with respect to the performance accuracy of

participants at the 0-back level of task difficulty. The observation of an effect at this level of
the n-back task with the inclusion of IQ as a covariate of performance may be attributed to

the previously documented association between elementary factors of cognitive function -
such as psychomotor ability - and intelligence (e.g. Deary & Stough, 1996; Deary et al., 1997).
This implies that performance on the n-back task is at least partially related to the

psychomotor ability of the participant, which is in turn related to estimates of participant IQ.

Despite the confounding effect of IQ on performance, the mean differences between patients
and controls were not substantially affected by the inclusion of IQ as a covariate in the latter
data analysis, which indicates that the differences seen in patients and controls cannot be

explained by differences in psychomotor ability alone. If this were the case, then the
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ANCOVA analyses would have been anticipated to fail in finding a significant main effect of

participant group on measures of performance accuracy.

The final factor of consideration in the analyses of the cognitive performance of participants
in experiment one was the relationship between clinical variables and performance of

depressed patients on the executive measures that were used. Severity of depression (i.e.

BDI) was significantly negatively correlated with the performance of participants at the 3-

back level of the working memory task, thus, indicating that the relationship between

severity of depression and cognitive performance may only be of importance on more

difficult cognitive tasks.

The only other clinical variable that was found to have an association with cognitive

performance was the time between initial diagnosis and time of assessment. Significant

negative correlations were noted between this factor and the mean percentage of correct
items at the 2- and 3-back levels of the task in depressed patients. Given that the patients
who participated in this study were significantly depressed at the time of assessment, this

finding is indicative of a relationship between chronic depressive illness and performance on

working memory tasks. However, as with severity of depression, this effect seems to apply

only to the more difficult levels of the task.

Therefore, the results of experiment one were indicative of an impairment of working

memory function in adults with major depression. While the degree of depression
associated impairment may have been partially related to a dysfunction of psychomotor

ability, motor impairment was not sufficient to explain the discrepancy in the performance
of depressed patients and healthy volunteers. However, the effect of the manipulation of

cognitive load in the working memory paradigm that was used in this study was apparently
mediated to some degree by participant intelligence. Moreover, the linear increase in

cognitive load did not disproportionately affect the ability of depressed patients to perform
the n-back task, which suggests that the effect of cognitive load may not have been the

primary factor in the noted deficit in working memory of patients
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8.1.2 Experiment two
The experimental methodology employed in experiment two was designed to ascertain if the

performance of a test of working memory would be associated with a disparity in the

regions of cortical activation exhibited by depressed patients and healthy volunteers.

Although two sets of statistical analyses were conducted - one for all participants involved
in the study, and one for those participants who were included in the analysis of functional

neuroimaging results - the following summary is concerned with the general pattern of
results for depressed patients and controls in the first of these analyses.

The power of this study to detect genuine differences between the depressed patients and

healthy controls on behavioural measures was potentially reduced as a result of two main
factors. On one hand, there was the likelihood that differences in performance on measures

of executive function may be difficult to detect, or borderline for distinguishing between

depressed and non-depressed individuals. In addition, the relatively small number of

participants in experiment two (i.e. only ten for both experimental groups) further reduced
the power of the study to detect genuine behavioural differences between patients and
controls. Therefore, the determination of an accurate profile of cognitive function associated
with major depression, which appropriately accounted for the performance of depressed

patients in this study, is more easily obtained by the examination of the entire data set,

rather than of sub-sets of data. For this reason, it is preferential to consider the results of the

preliminary analysis of this data set. However, the comparison of the profile of cognitive
function in the experimental groups which were observed not only between the two

analyses in this investigation, but also between experiment one and experiment two

outcomes, may aid the determination of those factors of cognition which are altered in

depressed patients, and which may be sensitive to reduced levels of statistical power.

In the second experiment similar limiting factors relating to the patients' profile were noted
as were observed in the previous study. Again, the failure to use a structured diagnostic

interview, the relatively young age of participants, and the chronic duration of their

depressive episodes may have impacted upon the cognitive profile of patients who

participated in this study (see above for details of the potential impact of each of these

factors).
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Behavioural results

■ Affective profile
As with the previous study, depressed patients in experiment two exhibited a significant
level of depression - on both the BDI and the HRSD - in conjunction with relatively high
levels of state stress and anxiety. Controls, on the other hand, were confirmed to be free of

depressive symptoms, and tended to score within a more normal range for measures of
stress and anxiety. This pattern of cognitive function was established in both the

preliminary data analyses and the analyses of data from those participants who were

included in the functional imaging analysis only.

■ Cognitive profile
In contrast to experiment one, depressed patients were unimpaired on both the visual

elevator and elevator counting with distraction subtests, with respect to accuracy. However,

patients' reaction times on the visual elevator were significantly slower than controls. The

pattern of findings was the same in the second set of analyses. Thus, suggesting that the

integrity of the mechanisms of cognitive flexibility, selective attention, and attentional

switching were all preserved in the sample of depressed patients who participated in

experiment two, while psychomotor function was relatively impaired.

Although the analysis of the outcomes on the TEA subtests were indicative of a sparing of
central executive function, and a dysfunction of psychomotor ability, the pattern of findings

relating to performance on the n-back task suggested the opposite profile of impairment.

Indeed, the accuracy of depressed patients was significantly reduced on the n-back task

compared to controls. Yet, patients were not significantly slower than normal controls in

their response times at any level of the task.

The other factors of interest in the analysis of n-back performance in this experiment were

the level of difficulty of n-back and the scanning session. The level of difficulty of n-back
was found to have a significant effect on the both accuracy and reaction time measures of n-
back performance, across experimental groups. Post-hoc analyses revealed a relative decline
in accuracy associated with each incremental increase of cognitive load. In addition,
increased reaction times in participants were found to be associated with the parametric

increase in cognitive load up to and including the 2-back conditions of the task.

208



While the use of two separate scanning sessions appeared to have no effect on the accuracy

of participants on the n-back task, there was a significant interaction between the level of n-
back and scanning session on reaction time measures. However, post-hoc analyses revealed
that scanning session was a contributory factor only on the reaction time of participants on

0-back levels of the task. Given that the effect of scanning session is particular to the
baseline level of the task, rather than applicable to all levels of the tasks, suggests that there
is something specific about performance at the 0-back level that is amenable to some factor
related to the scanning session. For example, it is possible that the effect of scanning session
at this level of the task was the result of an increased level of stress or arousal, resulting from
the rather long scanning sessions that were used in the functional imaging paradigm in this

investigation.

The profile of participant performance on the n-back task was similar in the sub-group of

participants who were included in the functional imaging analysis. However, the second

analysis failed to find a significant main effect of participant group on accuracy on the n-

back task. However, there was considerable similarity in the cognitive profile of the

participants who were included in the analysis of functional imaging data and participants
in experiment one. Moreover, the pattern of cognitive function in both analyses of

experiment two were also similar. Thus, it is likely that the failure to find a significant effect
in the behavioural analysis of participants who were included in the functional imaging

analysis is related to the reduced statistical power associated with the diminished number of

participants in the second experiment, rather than a lack of a genuine difference in the

performance of patients and controls. However, it is important to note that the smaller
number of participants in the second experiment was due to the practical considerations of

conducting an fMRI investigation.

A series of correlations revealed no significant associations between clinical dimensions in

the depressed group and performance on any of the measures of executive function. This

may have been due to a lack of relationship between affective state and cognitive function.

Alternatively, it may have been the result of homogeneity in the affective profile in the

depressed group, or in a similarity in the performance of patients on each of the cognitive

measures, irrespective of variability in affective factors.
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■ Profile of cognitive function in depression: Experiment one vs. experiment two
Effect size comparisons of the relative performance of depressed patients and healthy
controls on the n-back task revealed a greater effect of depression on accuracy on the n-back
task in the second study. The similarity of the profile of cognitive function in both studies

supports the notion of a genuine difference between the ability of depressed patients and

healthy controls to successfully undertake tasks reliant on human working memory.

Moreover, this observation is indicative of reduced statistical power in the second data

analysis in experiment two.

In contrast, the comparison of the effect sizes in experiments one and two revealed a greater

effect of experimental group on the observed reaction times of participants during

performance of the n-back task in the first investigation. This difference was statistically

significant in the first study, but not in the second, probably due to smaller group sizes in

the latter. Despite the difference in the magnitude of effect sizes pertaining to reaction time

differences between patient and controls at each level of n-back, the pattern of findings was

similar in experiments one and two.

Unlike measures of accuracy, deficits in psychomotor ability in depressed individuals tend
to be consistent across studies, even on those studies, and have been noted in those

experiments that have used quite elementary psychomotor assessments or have tested

comparatively few patients. Therefore, the failure to find a significant difference between

patients and controls on this measure on the n-back task may reflect more than just reduced
statistical power, as a result of relatively small group numbers. This raises the question of
which factors specific to this investigation may have led to a relative speeding up of the

response times of depressed patients?

All experimental factors were kept constant between experiments one and two, with the

exception of the introduction of the performance of the working memory task during
functional neuroimaging in the latter study. Thus, it would appear to be some factor
associated with the performance of the n-back task whilst being scanned led to the observed

similarity in the reaction times of depressed patients and healthy controls. One possible

explanation of this finding is that increased levels of stress and arousal in either participant

group impacted upon psychomotor function during scanning. Although the pre-test
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measures where not indicative of such an alteration, the environment of the scanner may

have induced an increased level of state stress and arousal. Such an effect could have

resulted in an impairment of psychomotor performance of controls, or may have led to an

arousal related reduction in the reaction times of patients. Either of these effects would

bring about the reduction in the disparity in psychomotor function of patients and controls.

However, in order to qualify this it would be necessary to have some measure of stress and
arousal which could be conducted while participants are inside the scanner, e.g. measuring

heart rate, or other physiological indicators of stress and arousal.

Functional neuroimaging results

The main analyses of the functional neuroimaging data were concerned with the regions of
altered cortical activation - i.e. increased and decreased - that were associated with the

parametric increase in difficulty of the n-back task in both patients and controls. The

analyses were also designed to ascertain regions of cortical activation, during task

performance, which were differentially activated in patients and controls. In order to

account for the potential confounding effect of differences in the behavioural performance of
the experimental groups, those regions that exhibited load-dependent activation associated
with correct responses only on the n-back task were determined for depressed patients and

healthy controls, and compared for relative differences.

The original block-design analysis of the functional imaging data revealed clusters of

significantly increased activation associated with the increase in cognitive load in the control

group in both hemispheres in parietal and frontal cortex - including inferior and superior

parietal regions and both middle and medial frontal gyri. However, the pattern of decreased
activation was much more diffuse in controls, comprising regions in both hemispheres and
across the cortex - including parietal (i.e. posterior cingulate cortex), frontal (i.e. medial and
middle frontal gyri), temporal (i.e. superior and middle temporal, parahippocampal,

precentral, and fusiform gyri, and insula), and occipital regions (i.e. middle occipital and

lingual gyri, and the cuneus). The relative specificity of regions of increased activation, in

comparison to the diffuse pattern of decreased activation, in response to the increased

difficulty of the n-back task may be indicative of a selective activation of cortical regions
associated with the response to cognitive load in controls, and a corresponding decrease in

cortical areas not necessary for the response to such experimental manipulations.
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The regions of increased activation in patients associated with the increase in the level of n-
back also included regions of the frontal and parietal cortex, such as the inferior, middle and

superior frontal gyri, and the inferior parietal lobule, but also included clusters of significant
activation in both the cerebellum and the lingual gyrus. The analysis of functional imaging
data also revealed significant decreases in activation in patients in a number of cortical

regions. As with controls, decreased activation associated with increased task difficulty
occurred in parietal (i.e. posterior cingulate cortex), frontal (i.e. medial frontal gyrus), and

temporal (i.e. transverse, superior and middle temporal gyri) regions. Moreover, clusters of
decreased activation in depressed patients were noted bilaterally in the cerebellum. Thus,
the pattern of activation in depressed patients was also suggestive of a relatively specific

pattern of altered cortical activation in response to task demands.

Although the analysis of the experimental groups independently was indicative of
differences in the level of activation in a number of regions between patients and controls,
the statistical analysis of the alteration in cerebral activation in the experimental groups
revealed relatively few differences between patients and controls. Indeed, comparison of the

regions of both increased and decreased activation associated with the increased difficulty of
the n-back task in depressed patients and healthy controls revealed a statistically significant
difference in the magnitude of cortical activation between the groups in one region only, i.e.
the MOPFC/rAC. More specifically, it was observed that the level of activation in this region
was relatively higher in the depressed patients than in controls. However, it should be
noted that both groups of participants exhibited a decrease in activation in this regions that
was associated with the linear increase in the difficulty of n-back, but that the magnitude of
the decrease in depressed patients was smaller than that seen in controls. It has already
been noted, that the behavioural differences between patients and controls in this study may
have been the result in a differential response to task difficulty, thus, it is possible that
MOPFC activation was associated with a motivational aspect of task performance, rather
than changes in cognitive load per se.

One of the main reasons for employing an fMRI paradigm in this study was to determine

regions of abnormal cortical activation that were associated with behavioural dysfunctions
in individuals with major depression. Therefore, the assumption could be made that the
differences in the level of activation of the MOPFC may have been a critical factor in the
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observed disparity in the accuracy of patients and controls performance on the n-back task.
To determine whether this was indeed the case, the second series of analyses of the
functional imaging data concentrated on the activity associated with accurate performance

only in both experimental groups.

The pattern of activation seen in the secondary event-related analysis of functional imaging
data was very similar to that which was noted in the initial block-design analysis. The
event-related analysis of correct responses only in control participants associated with the
linear increase in difficulty of the n-back task revealed significant increases in activation in

the inferior and middle frontal gyri, the inferior parietal lobule, the superior temporal gyrus,
the thalamus, the insula, and the cerebellum. Decreased activation in control participants

was also noted in a number of regions across the cortex - including frontal (i.e. medial and

superior frontal gyri, and anterior cingulate), parietal (i.e. posterior cingulate, and

paracentral lobule), and temporal (i.e. superior and middle temporal, parahippocampal, and
fusiform gyri, and the insula) regions.

In depressed patients, increased activation associated with the increased level of difficulty in
correct responses only, was noted in the following regions: inferior parietal lobule; the
middle and medial frontal gyri; the precuneus, pre- and postcentral gyri; the middle

temporal gyrus; the insula; and the cerebellum. The increased activation in these regions co-
occurred with a relative decrease in activation, associated with correct responses only and
with increasing task difficulty, in diffuse cortical regions. Regions of significantly decreased
activation were noted in the frontal (i.e. inferior, medial and superior frontal, subcallosal,
and precentral gyri), parietal (i.e. paracentral lobule), occipital (i.e. cuneus, precuneus, and

lingual gyrus), and temporal (i.e. insula and middle temporal gyrus) cortices, as well as the
cerebellum.

As with the previous block-design analysis of the functional neuroimaging data, in the
event-related analysis of correct responses there was considerable overlap between

depressed patients and healthy controls for regions of increased and decreased activation

associated with the linear increase in task difficulty. However, in contrast to the previous

block-design findings, the results of the comparison of the pattern of activation between

patients and controls in the event-related analysis revealed no statistically significant
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clusters of either relatively increased or decreased activation between experimental groups.
This indicates that the network of cortical regions which respond to changes in cognitive
load is the same in both depressed patients and healthy controls, in those instances when

participants are responding accurately.

All factors relating to the data analysis in the block-design and event-related analyses were

identical, with the exception of the inclusion of data pertaining to cortical activation
associated with incorrect responses in the block-design analysis. Therefore, it is possible that

any differences in the cortical activation of patients and controls, which were highlighted in
the block-design analysis, can be attributed to the relative weakness in the performance of

patients on the n-back task. Thus, the failure of depressed patients to appropriately decrease
activation in the MOPFC in response to increased task demands may be critically related to

an aspect of task difficulty in measures of working memory that is specifically associated
with major depression.

An important finding in both the block-design and event-related analyses of the functional

imaging data in experiment two was the observation that specific neuroanatomical regions,
such as the medial prefrontal cortex, comprised areas of both increased and decreased
activation. This co-localisation of clusters of increased and decreased activation in single

regions of cortex in response to the increase in cognitive load was noted both in depressed

patients and normal controls. A number of the anatomical regions that were noted to

exhibit clusters of both increased and decreased activation were regions that have previously
been noted to be critical for working memory in normal healthy adults. For example,

regions in frontal cortex which constitute the DLPFC, such as the medial and superior

frontal gyri, and parietal regions, such as the inferior parietal lobule, demonstrated both
increased and decreased responses in cortical activation in response to the increase in task

difficulty.

The final factor of interest in the analysis of functional neuroimaging data in experiment two

was the association between the severity of depression patients - as determined using the

HRSD - and regions of altered cortical activation during performance of the n-back task.
The results of a correlation analysis between level of activation in areas of increased and
decreased activity associated with the linear increase in the difficulty of the n-back task and

214



severity of depression revealed no significant associations between these two variables. This

may represent a reasonable level of homogeneity in the affective measures of the depressed

patients who participated in this study, which is evident in the relatively small standard
deviation of patient scores on the HRSD (i.e. s.d. = 5.55). Alternatively, it may imply that the
differences in the activation response to task difficulty noted between depressed patients
and healthy controls are consistent and not amenable to variations in depressive severity.

However, in order to determine this it would be essential to ascertain whether variations in

cortical activation can be observed in a depressed sample that exhibit greater variability in
the severity of depression. Alternatively, this could be achieved by determining whether
there are relative differences in cortical activation patterns associated with executive

function in samples ofmildly, moderately, and severely depressed patients.

8.1.3 Experiment three

Antidepressant medication was identified as a potential confounding factor in the
behavioural performance and cerebral metabolism of depressed patients in experiment two.

Therefore, experiment three was designed to determine the potential contribution of

antidepressant medication to both of these outcome measures. This was achieved by

measuring the effect of the subacute administration of escitalopram (i.e. lOmg/day for 7

days) on the performance of normal healthy volunteers on measures of executive function
and learning. In addition, participants in experiment three were also assessed for alterations
in cerebral activation associated with the performance of the n-back task, in both medication-
free and post-medication conditions.

Behavioural results

■ Affective profile

Prior to participation, it was assured that all volunteers in experiment three scored within
the normal range on the BDI. Participants were also required to undertake the BDI, along
with the SAC and the APSAQ, at both experimental phases - i.e. while medication-free and

post-medication. Although the administration of the course of escitalopram did result in an

increase in participants' state anxiety, there was no significant effect of AD medication on

level of depression, or state stress and arousal.
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■ Cognitive profile

The comparison of participants' scores on the elevator counting with distraction and visual
elevator subtests of the TEA in the medication-free and post-medication experimental
conditions revealed no significant effect of escitalopram on either of these measures. Thus,

indicating that the subacute administration of an SSRI medication had no effect on the ability
of participants to perform measures of selective attention, cognitive flexibility, and
attentional switching. Moreover, these observations are suggestive of a sparing of

psychomotor function in healthy adults who are given AD medications in a subacute
administration paradigm.

Participants also completed a measure of verbal learning and memory - the RAVLT. The
administration of antidepressant medication was found to have no effect on two

performance dimensions of this task - i.e. mean number of items correctly recalled and the
interference effect. This suggests that the consumption of escitalopram had no impact upon

participants' ability to perform measures reliant on the integrity of short- and long-term

memory.

As with the second experiment, the performance of participants in the n-back task was

assessed during the acquisition of an fMRI scan. Analysis of the data obtained during

scanning revealed a significant main effect of the level of n-back on both the mean number of
correct responses and average reaction. Moreover, linear contrasts for the effect of n-back
and reverse Helmert contrasts between each of the levels of the task were significant on both
of these outcome measures. This indicates that the parametric increase in the level of

cognitive load was evident in a linear decrease in both the mean accuracy and the mean

reaction of participants, in both experimental conditions. However, the participants'
medication status had no significant effect on either measure of performance. This is

suggestive of a failure of subacute administration of SSRI medication in healthy adults to

effectWM function.

An additional factor of interest in the analysis of n-back data was the effect of scanning
session (i.e. session 1 vs. session 2) within each experimental condition. There was no

significant difference between the mean accuracy of responses in the first and second

scanning sessions. Moreover, although there was an apparently significant main effect of
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scanning session and a significant interaction effect involving scanning session and level of
n-back on participant reaction time, post-hoc analysis revealed that scanning session only
had an impact on reaction time at the 0-back level of the task. This finding is similar to the
results of experiment two, which further suggests a possible effect on performance of factors
which are likely to change as a result of multiple scanning sessions, such as stress and
arousal.

Therefore, it would appear that the subacute administration of antidepressant medication to

normal healthy volunteers had no effect on the accuracy of the measure of working memory

used in this study, i.e. the n-back task. Moreover, antidepressant medication had no impact

on participants' reaction time at each level of n-back. Both of these findings are consistent
with the normal performance of participants on the TEA, which was indicative of a sparing
of executive function and psychomotor ability in the experimental sample. The findings are

also in accordance with the observations of other investigations of the effect of SSRI

medications on cognitive function in normal healthy adults (e.g. Hindmarch, 1988;
Hindmarch & Kerr, 1994; Hindmarch, 1995; Fairweather et al., 1997; Nathan, Stough &

Siteram, 2000).

■ Comparison of behavioural findings: Experiment two vs. experiment three- medicated,

healthy volunteers vs. depressed patients
The analysis of behavioural findings in the second study was indicative of two types of

impairment of cognitive function associated with major depression. The first of these was

slowing of psychomotor function, which was evident in the increased reaction time of

depressed patients on the visual elevator task. The second observed deficit was a decrease
in mean accuracy of patients on the n-back task. The failure to observe a similarity in the
behavioural performance of the depressed patients in the second study and the healthy
volunteers in the post-medication phase suggests that the impairments that were noted in

experiment two are more likely due to MDD, rather than an effect of AD medication in

depressed patients.

However, it is essential to note that the effect of AD medication in normal healthy volunteers
is not necessarily the same as the impact of similar medications in clinically depressed

patients. Indeed, there may be an interaction effect between AD medication and features of
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MDD, which brings about impairments specific to the administration of AD medication to

clinically depressed individuals. Therefore, prior to drawing conclusions relating to the
effect of antidepressants on cognitive function in patients with major depression, based on

observations of the effect of such medications in normal controls, it is important that such

potential interactions are taken into account.

Of particular interest in the comparison of behavioural findings was the observation of a
relative speeding up of reaction time associated with the linear increase in the level of n on

the n-back task in both experiments two and three. While there was a main effect of n on

reaction time in the first investigation, post-hoc analysis revealed that there was only a

relative improvement in psychomotor function with the incremental increase between the Gl¬
and 1-back levels of the task. However, in the case of the latter investigations post-hoc

analysis found that each subsequent parametric modulation of task difficulty resulted in a

significant decrease in participants' reaction time, thus suggesting that psychomotor ability
and task difficulty may be in someway linked. Moreover, the results of experiments two
and three indicate that this effect may be generalised to different and varied populations,

given that the effect was noted not only in depressed patients and healthy controls but also
in a sample of medicated, healthy controls.

Given the sparsity of relevant background literature relating to this type of phenomenon it is
difficult to postulate potential mechanisms for the relationship between these two factors.
One potential explanation is that the correlation between the level of n-back and reaction
time may be modulated by increased state stress and/or arousal, such as would be expected
to be induced as a result of the increased task difficulty. For example, as the level of n
increases the number of items participants are required to retain in the central executive

increases, in order to clear the executive for new items in higher task levels participants may

experience a greater pressure or immediacy in their need to respond, hence resulting in a

notable decrease in their response times. While this is one potential explanation for the
observed effect, it is impossible to draw conclusions in the absence of objective data to

corroborate the notion of increased stress and arousal during task performance, e.g. such as

heart rate or skin conductance measures. It is also important to note that while one could

argue that the effect of n-back on stress, and hence reaction time, may be the result of time
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rather than difficulty, the counterbalancing of the order of presentation of n-back levels in
the two scanning sessions would infer that difficulty is the critical factor here.

Functional neuroimaging results

Given the findings of previous studies of the effect of antidepressants on cognition in normal

healthy volunteers, the observation of no significant effect of escitalopram on measures of

cognitive function was not unexpected. However, the predicted effects of this class of
medications on cerebral metabolism are less clear. Therefore, analyses of functional imaging
data was designed to determine whether the subacute administration of escitalopram
resulted in significant alterations in the pattern of functional activation during performance
of the n-back task.

Alterations in regions of cortical activation associated with the linear increase in difficulty
were determined for participants during medication-free and post-medication experimental
conditions. In addition, the patterns of significant activation associated with each condition
were compared in order to determine relative differences in activation associated with the
administration of antidepressant medication. Given that there was no observed difference in
the behavioural measures of n-back performance between medication-free and post-

medication conditions, patterns of cortical activation were determined for the original block

design only (i.e. rather than repeating the previous event related analysis).

In the medication-free condition the increase in the level of difficulty of the n-back task

resulted in increased activation in the superior and inferior parietal lobes, in the middle and

superior frontal gyri, and the cerebellum. However, as in the previous study, the pattern of
decreased activation associated with the same parameter changes was evident in a more

diffuse range of cortical areas, including a range of frontal and temporal regions, such as the

inferior, middle, and superior frontal gyri, the pre- and postcentral gyri, the middle and

superior temporal gyri, the angular gyrus, the claustrum, and the parahippocampal gyrus.

Moreover, decreased activation was also noted in the right cerebellum.

The increase in task difficulty in the post-medication condition was also associated with
increased activation in the frontal and parietal cortices. Regions of significantly increased
activation included both inferior and superior parietal lobes and the inferior, middle, and
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superior frontal gyri. Increased activation was also noted in the insula and the precuneus.

Decreased activation, on the other hand, was noted in fewer regions in the post-medication

condition, yet still involved a relatively diverse network of frontal (i.e. superior frontal and

cingulate gyrus) and temporal (i.e. middle temporal and angular gyri) regions. In addition,
decreased activation was also noted in occipital regions in the post-medication scanning
condition - including the cuneus and the lingual gyrus.

Although there appears to be a difference in the number of regions involved in the

performance of the task in two experimental conditions, the random effects analysis revealed
no regions of statistically significantly different activation between the two experimental
conditions. Thus, it may be the case that the same regions were activated in both conditions,
but that in one or other of the conditions the effect may have been below the threshold for
detection. Alternatively, the random effects analysis may have been too conservative to

detect genuine differences in the cerebral activation of participants in the medication-free
and post-medication condition. Indeed, for the purpose of the random effects analysis the
data were treated as if they were between-subjects, rather than repeat measures. Thus, the

actually estimated variance in the random effects analysis was likely to have been greater

than expected for the current within subjects design.

In order to determine whether this latter assertion was correct, fixed effects contrasts were

constructed, with the following factors of interest: level of difficulty of n-back and the
relative effect of medication status. The results of this analysis revealed medication related
increases in activation in a single cluster, which comprised the middle frontal gyrus and the
anterior cingulate (BA24), and a relative decrease in activation in clusters in the middle

occipital and superior temporal gyri, and the cerebellum.

Overall, the analysis of the functional imaging data acquired in experiment three was

indicative of a similar pattern of changes in cortical activation associated with the increase in

difficulty of the n-back task in both the medication-free and post-medication conditions of
the investigation. However, there is tentative evidence of alterations in the cerebral
metabolism of a few regions as a result of the administration of antidepressant medication to
the ten healthy volunteers who participated in this study. However, these latter findings are

based on observations from a fixed effects analysis, and would need to be replicated in a
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suitable random effects analysis before any they can be generalised to healthy volunteers on

escitalopram per se.

■ Comparison of functional neuroimaging findings: Experiment two vs. experiment three -

Medicated, healthy volunteers vs. depressed patients

The regions of increased and decreased activation associated with the increase in the level of

difficulty of the n-back task were relatively consistent between experiments two and three.

Indeed, the increased activation of both parietal and prefrontal regions was noted

consistently in the analysis of the functional imaging data in both experiments. Moreover, a
diffuse pattern of decreased activation was also noted in the analyses of all experimental

groups, across both studies.

A major finding of the functional imaging data in experiment two was the relative increase

in activation in the MOPFC/rAC in depressed patients, compared to controls. The initial
random effects analysis of the functional activation of participants in experiment three
revealed no regions of significantly different activation related to medication status. This

implies that the abnormality in MOPFC in depressed patients was the result of factors

specific to MDD, rather than antidepressant medication. While, a secondary fixed effects

analysis of the functional imaging data in experiment three was indicative of medication
effects on the magnitude of AC activity (see Appendix 3C), this cluster was more dorsally
located than the significant cluster of interest in the second study. The spatial dissociation
between these two clusters in experiments two and three is indicative of the fact that the
noted MOPFC/rAC dysfunction in depressed patients is the result of some factor of

depressive illness, rather than an outcome due to the impact of antidepressant medication in
our patient sample. Nonetheless, it is important to note that the differential effect on
cerebral metabolism may simply be due to the sampling of different experimental

populations, and that at this stage it is difficult to rule out medication effects in our

depressed sample.

As with the behavioural results, of primary concern is the extent to which the effects of

antidepressant medications in healthy volunteers can be generalised to clinical populations.

Indeed, previous studies of the metabolic effects of AD medications have found cortical
differences in metabolism in treatment-responsive patients, but not in healthy volunteers
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(e.g. Kalin et al., 1997; Bonne et al., 1999; Mayberg et al., 2000; Kennedy et al., 2001; Drevets
et al., 2002). This implies that the effects of antidepressants on regional cerebral metabolism

may depend on the interaction between medication and factors relating to symptom

reversal, rather than just medication alone.

In this instance it is also important to note that the observed differences in AC activation in

experiment three are inferred from the results of the fixed effects analysis of the functional

neuroimaging data. Fixed effects analyses are normally associated with the impression of
increased statistical power, as a result of their failure to take account of the individual

variability of participants. However, the use of a repeated measures paradigm in experiment
three actually removed at least one source of variation in the analysis, which should make
the results of the fixed effects analysis more reliable and thus more credible. Therefore, it

may be asserted that the differences observed between participants while medication-free
and after medication in the fixed effects analysis may reflect genuine difference related to the
administration of escitalopram. Consequently, the relative increase in activation in the AC
in the post-medication condition in the fixed effects analysis in experiment three may be
associated with the similar effects seen in depressed patients in other experiments

The accuracy of this assertion can partially be determined by the examination of the
evidence relevant to the relative differences in the action of antidepressant medication

between healthy volunteers and depressed patients. In addition, the clarification of the
nature of the dysfunction noted in experiment three can be ascertained by exploring the
evidence relating to the role of the anterior cingulate in cognitive function and the integrity
of AC function in MDD.

The issues arising from the analysis of both the behavioural and functional imaging data
from this series of investigations, and how they contribute to our understanding of the

aetiology of cognitive dysfunction in major depressive disorder will be explored in the

following sections of this chapter.

8.2 Discussion

Having considered the outcomes of each of the studies separately, the following subsections

attempt to integrate the results of the studies that constituted this projectwith the findings of

222



previous investigations that are pertinent to the understanding of cognitive performance and
cortical function in patients with major depressive disorder.

8.2.1 Working memory function in major depression

Despite the proposition that the observed deficits in cognitive function in depressed patients

may be attributed to a deficit in the central executive component of human working memory

(i.e. Channon et al., 1993), investigations of working memory in MDD have been inconsistent
in their observations. One potential explanation for the discrepancy in the experimental
outcomes of different studies is a lack of appropriate sensitivity in the measures of working

memory that have been employed. Therefore, the use of a more suitable measure of

working memory, which allows for manipulation of the contributory processes of WM,
should enable the construction of a more accurate account of this form of executive function

in depressed patients. This assertion was a central component of the current series of

investigations.

It has already been noted that a primary aim of both experiments one and two was the
estimation of the integrity of working memory function in major depression. More

specifically, both of these investigations aimed to determine whether the use of a more

sensitive measure of WM, which could be varied in order to increase the level of difficulty

by manipulating the magnitude of cognitive load (i.e. the n-back task), would produce more

distinct and reliable differences between depressed patients and healthy controls.

The analyses of the results in both studies were indicative of a notable impairment in

working memory function in adults with MDD. The impairment of WM was observed in
measures of accuracy in both experiments one and two. However, the manipulation of the
level of cognitive load in the working memory task did not have a differential effect on the

performance of patients. Indeed, it appeared that the deficit seen in patients on the n-back
task was consistent in nature, thus, suggesting that the magnitude of cognitive load was not

necessarily the primary cause of WM deficit in depressed patients, and that the deficit may
be the result of another factor that contributed to performance.

It has been suggested that the profile of cognitive dysfunction in major depression can

largely be attributed to the degree of psychomotor impairment experienced by depressed
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patients. Therefore, it is possible that the executive dysfunction that was noted in depressed

patients in experiments one and two may be attributable to the noted deficit in psychomotor

ability. However, although depressed patients were noted to be significantly slowed on the
n-back task compared to controls in the first experiment, in experiment two there was no

observed effect of depression on reaction time measures in the n-back task, yet depressed

patients were still relatively impaired on this task. Indeed, the effect size for the difference
in accuracy between patients and controls was found to larger in the second study.

Consequently, while psychomotor function is likely to be a contributory factor in cognitive

performance in depressed patients, abnormal psychomotor ability is not sufficient to explain
the differences in performance of the patients and controls on the n-back task in the

experiments in this study.

Alternatively, it could be argued that motivation had played a critical role in the

performance of depressed patients on the n-back task. Indeed, a consistent deficit in
motivation may result in a consistent impairment in cognitive performance. Whether

depressed patients experienced reduced motivation in this study can be partially determined

by consideration of aspects of the data used to calculate the event-related contrasts. In order

to conduct the event-related analysis of the functional imaging data acquired in the second

study it was necessary to construct models of the individual responses for each participant.
This was achieved by using the response data for each participant, and within each data set

identifying four classes of response, i.e.: (1) correct actual response; (2) correct no response;

(3) incorrect actual response; and (4) incorrect no response. If motivation were a primary
factor in the relative detriment in the performance of patients, it would be reasonable to

suppose that the differences in the mean number of correct items at each level of difficulty of
n-back could be attributed to a failure of depressed patients to respond to individual
stimulus items. This type of difference would be evident in an increased number of
'incorrect no response' items across the levels of n-back. However, when the pattern of
results was examined for both patients and controls, it was noted that patients had a greater

tendency to respond incorrectly, than to not respond at all. Thus, indicating that motivation
to perform the n-back task was not necessarily reduced in depressed patients in these
studies.
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Other potential factors that may have contributed to the performance of depressed patients
were also determined to have had a minimal effect on the group differences. For example,
the differences in the mean estimated IQ of patients and controls was noted to contribute to

the performance of both experimental groups at the 0-back level of the task, but had little

impact on the observed group differences. In addition, other factors that have been noted to

contribute to the cognitive performance of depressed patients in other studies, such as

severity of depression and other clinical factors were found to have little effect on the extent
of the performance of depressed patients on the n-back task in these studies. Therefore, it
would appear that the differences between the performance of depressed patients and

healthy controls on the n-back task can be reasonably attributed to a factor of working

memory performance, rather than some other contributory factor, such as motor

impairment, motivation, or IQ.

Although there was not a differential effect of the level of cognitive load on the degree of
deficit exhibited by depressed patients on the working memory task, the dysfunction of

patients on the n-back task may still be attributable to an abnormality in executive processes

in major depression. However, as opposed to an impairment related to the level of cognitive
load of a given measure of executive function, the dysfunction of working memory may be
due to a consistent level of difficulty experienced by depressed patients on such measures.

The notion of a general and consistent level of perceived difficulty on measures of executive
function is supported by the observed differences in the performance of patients and
controls on the TEA subtests in experiment one. In addition, although the differences
between patients and controls on the TEA subtests were not statistically significant in

experiment two, the mean scores of patients on the visual elevator task were relatively less
than those of controls (i.e. both raw and scaled scores).

The findings of this study do not entirely rule out the likelihood of an effect of cognitive load
in depressed patients, but instead suggest that the magnitude of load may have to be
increased beyond the levels explored here in order to detect a differential profile of

perceived difficulty in depressed patients and healthy controls. Support for this notion

comes from the observed levels of performance of both depressed patients and healthy
controls at the 3-back level of the variation of the n-back task used in this study. Indeed,

although depressed patients were relatively impaired compared to controls at all levels of
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the task, at the maximal levels of task difficulty both groups continued to perform at a

greater than chance level. However, if the difficulty of the task was increased, in order to
induce levels of performance that were near ceiling levels in the depressed group, then the

magnitude of the difference in the performance accuracy of depressed patients and healthy
controls may begin to differentially increase.

Consequently, the behavioural findings of this study are indicative of an impairment of
executive function in patients with MDD, which is not attributable to other factors of

depressive illness, such as psychomotor dysfunction or motivation. However, the

manipulations of the working memory task used in this study were not extensive enough to

allow us to determine whether this deficit is attributable to a dysfunction of central executive

function or whether it can be accredited to more general task difficulty related impairment.

8.2.2 Regional abnormalities in brain metabolism in major depression

One potential way to address the issue of the aetiology of the types of executive deficits
noted in the behavioural findings of these experiments is to examine the metabolic correlates
of the performance of the n-back task, and to compare regions of significant difference
between depressed patients and healthy controls on putative regions of activation

supporting workingmemory function.

The comparison of the regions which exhibited significant alterations in their degree of
activation in response to the linear increase in difficulty of the n-back task, revealed

relatively few differences between depressed patients and controls. However, a significant
difference in the magnitude of decreased response in response to an increase in cognitive

load was noted in the MOPFC/rAC between patients and controls. Although, both groups

experienced this decrease, the extent of decreased activity was significantly less in depressed

patients. Therefore, in the data analysis this difference was noted as a relative increase in

patients.

In order to determine the role of this apparent dysfunction in the observed behavioural

dysfunctions that were noted in the performance of the n-back task in depressed patients, it

is important to consider the potential role of this region in cognition and affect in normal

healthy adults, whether MOPFC dysfunction has been noted other functional neuroimaging
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studies of major depression, and the relationship of functional abnormalities of MOPFC in

depression to the cognitive profile of depressed patients.

8.2.2.1 Medial orbitofrontal prefrontal cortex function and major depression

The activation of the medial orbital frontal region of prefrontal cortex has been implicated in
a number of cortical functions in both normal healthy adults and clinical samples.

Moreover, it has been postulated to play a role in both cognitive and affective processing.

For example, studies of guessing (i.e. vs. knowing) in normal healthy adults have found a

significant increase in the activation of orbitofrontal prefrontal cortex (i.e. BA11/25; Elliott,
Rees & Dolan, 1999). Similarly, significant activation of this region has also been noted in

investigations of response inhibition. Horn and colleagues found that in a sample of normal
male participants noted significant responses in the right medial orbitofrontal cortex during

performance of a 'Go/No-go' task (i.e. Horn et al., 2003).

Of particular relevance to the study of functional abnormalities associated with major

depression is the role of MOPFC in the previously discussed abnormal response to negative

feedback that has been noted in depressed patients (see section 1.1.3.2, pp32-33 for full

details). In their investigation of the response of depressed patients to feedback, Elliott and

colleagues found a highly specific focal functional abnormality in patients with unipolar

depression in the MOPFC in response to feedback, compared to conditions of no feedback

(Elliott et al., 1998). These investigators found that in comparison to healthy controls,
activation in this region was significantly attenuated in depressed patients, in both

hemispheres, in those conditions were feedback was given.

It is possible that the abnormal response of MOPFC in situations of feedback in depressed
adults may be to some degree mediated by the role of this region in modulating stress and

anxiety responses. In an investigation of the neuroanatomy of anxiety, it was noted that the

presence of anxiety (i.e. in adults with a diagnosis of one of three anxiety disorders) was
associated with activation of the right posterior medial orbital frontal cortex, in comparison
to healthy control participants (i.e. Rauch et al., 1997).

This notion of the role of MOPFC in the modulation of affective responses is further

supported by evidence regarding the role of the rostral and ventral sections of the AC in
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affect. Indeed there is evidence to suggest that lesions of this region can result in variety of

dysfunctions of affect, including apathy and emotional instability (see Bush, Luu & Posner,

2000 for a review). Moreover, the induction of sad mood in normal healthy adults has been

shown to activate this region of cortex and rAC has been shown to be activated in adults
with major depression (in Bush et al., 2000).

In addition to a function in affective and cognitive processing in normal and clinical

populations, there is evidence to suggest that MOPFC may play a significant role in the

response of unipolar depressed patients to anti-depressant medication. A series of studies

by Helen Mayberg and colleagues have highlighted the role of rostral (subgenual) anterior

cingulate in the treatment response profile of MDD patients (e.g. Mayberg et al., 1997;

Mayberg et al., 2000). In an early study Mayberg noted that hypometabolism in rAC
characterised treatment non-responders compared to healthy controls. Responders, on the
other hand, were noted to be hypermetabolic in the same region. Moreover, in this study
this was the only region which uniquely differentiated between responders and non-

responders (Mayberg et al., 1997). These findings were supported by similar observations
in a later study by the same author. In an examination of regional metabolic effects of
fluoxetine in MDD non-responders were again characterised by a failure to note changes in
the subgenual AC (Mayberg et al., 2000). Again, these observations are likely to be linked to

the affective function of MOPFC/rAC. More specifically, it could be suggested that the

hypoactivation of this region in treatment responsive patients may simply reflect the

persistence of the affective symptoms ofMDD.

In a recent review of imaging studies of major depression, Mayberg suggested that as

opposed to the classic lesion-deficit approach to imaging of depression that we should
consider observed metabolic patterns in MDD as "a combination of 'functional lesion' and
an on-going process of attempted self-correction or adaptation" (Mayberg, 2003: p 196).
Within this proposed framework hypermetabolism may be viewed as a compensatory

activation of regions of cortex (i.e. frontal areas) in response to the chronic activation of
limbic-subcortical structures, with the aim of overriding the persistent effect to such activity
on affect. Conversely, Mayberg suggests that hypometabolism is the result of a failure to

initiate or maintain this compensatory response in frontal cortical regions, thus resulting in
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the persistence of negative affect, psychomotor dysfunction, and impaired executive
function.

Having considered the potential, and varied, roles of MOPFC/rAC the important question is
how this reflects upon the observed increase in activity in this region in depressed patients,

compared to controls, in our second experiment. The results of the analysis of the functional

imaging data from experiment two suggest that not only did depressed patients exhibit a
relative increase in this area with the parametric increase in the level of n-back, but that this

hyperactivation was associated with those instances where patients were performing the
task incorrectly.

The primary assumption may be that the due to an increased level of state stress and arousal
in depressed individuals (i.e. as measured prior to scanning) may have increased the level of
activation of the noted MOPFC/rAC. However, it is important to determine how such an

increased level of stress may have impacted upon the performance of depressed

participants, such as would bring about the noted impairment of this group across levels of
the n-back task. One potential account of this effect comes from a review of the reciprocal

suppression of blood flow in affective vs. cognitive task by Drevets and Raichle (i.e.Drevets
& Raichle, 1998). In their review, these authors suggest that cognitive: affective distinction
that has been noted between dorsal and rostral aspects of AC, respectively (see below for
further details) is often reflected in a pattern of reciprocal suppression during one type of
task or the other. Based on this assumption, it could be asserted that the increased activation
that was noted in the second study in MOPFC/rAC in depressed individuals may have had
the effect of suppressing activation in the dorsal AC, which is a region previously noted to

be involved in aspects of task difficulty in the performance of tests ofWM.

The increased activation MOPFC in MDD patients in experiment two can be partially

explained by the evidence from the work of Mayberg and colleagues considered above.

However, while the hypermetabolism of MOPFC in depressed individuals would suggest

that our patients were treatment responders and that the increased activity of this cluster is
indicative of an attempt to compensate for the over activation of limbic-structures, it has

already been noted that the average duration of current depressed episode in our depressed
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sample was relatively long, thus suggesting that at least some of our participants would
have been potentially classed as non-responders.

With respect to the role of MOPFC activation in the cognitive profile of our participants
there are two key factors: MOPFC activation under conditions of guessing and MOPFC

activation in situations of feedback.

As discussed above, situations of guessing may incur increased activation in the MOPFC in

normal healthy controls, primarily in the RH. It is possible that in trials where depressed

patients were unsure of the correct answer they would be more likely to guess the correct

response. Indeed, this notion is supported by the fact the patients were more likely to make
an incorrect response, rather than to not respond at all. Therefore, the increased activation of

MOPFC/rAC in depressed patients, relative to controls, may have reflected those instances
in which they were unsure of the correct response and were more likely to respond

incorrectly. While this assertion fits well with the behavioural and functional observations,
it should be noted that in experiment two the relevant cluster was on the LH, as opposed to

the RH, as in Horn's study, which may have implications for the reliability of this

interpretation of the data.

The variation of the n-back task that was used in this series of investigations did not include

any form of explicit feedback for participants during task performance. This was done in
order to minimise the effects of feedback on performance of the depressed participants.
Based on previous findings, the inclusion of feedback in this paradigm may have been

predicted to result in an attenuation of activation in the MOPFC in depressed individuals.

Conversely, it could be suggested that the absence of feedback would result in a failure of

depressed participants to reduce the level of activation in MOPFC/rAC. Although, this does
not fully explain the relative increase in activation seen in depressed patients, it is likely to

be a contributory factor in the observed profile of cerebral activation in experiment two.

Given the complexity of the function of MOPFC/rAC it is difficult to ascertain an

unequivocal account of the differences in activation that were noted between the depressed

patients and the healthy controls who participated in experiment two. However, it is likely
that the contributory role of this cortical region to both cognitive and affective processing,
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i.e. due to it's own functional diversity and it's reciprocal connections to regions of cortex
also involved in both types of function, at least partially accounts for the role of MOPFC in

the observed deficit in performance of depressed patients on measures of executive function.

8.2.3 The impact of escitalopram on measures of cognition and cerebral metabolism in

healthy volunteers
The lack of a significant effect of the administration of escitalopram on any of the measures

of cognitive function in experiment three was in agreement with the observations of

previous investigations of the effects of SSRI medication in normal healthy volunteers. Prior
studies of the effects of both the acute and subacute administration of AD medication to

normal healthy adults have tended to note that SSRI medications have little or no effect on
the profile cognitive function (see Chapter 1: section 1.3).

Although it could be asserted that this pattern of results may be specific to healthy

volunteers, reviews of both single and multiple dose administrations of ADs indicate that

the cognitive profile in medicated healthy volunteers appears to mimic the observations of

cognitive function associated with the chronic administration of antidepressants in clinically

depressed individuals (see Amado-Boccara et al., 1995 for a review). This implies that the

cognitive dysfunctions in depressed individuals can be attributed to the presence of

depressive symptoms, rather than the administration of antidepressant medication.

Moreover, these findings indicate that any deficits in cognition that are associated with

antidepressants should also be apparent in healthy volunteers who are given the same kinds
of medication. Therefore, it would appear that the deficits noted in executive function in

depressed patients in the first and second experiments are not the result of antidepressant

medication, but are related to the experience ofMDD.

The available evidence is suggestive of a lack of a significant association between SSRI
medications and cortical metabolism in healthy volunteers. This notion was further

supported by the failure to note a behavioural difference in working memory performance
associated with medication status, and the results of the initial random effects analysis of

functional imaging data. Support for the notion of spared cerebral function in medicated

healthy volunteers come from previous findings of the specificity of changes in cortical
metabolism resulting from antidepressant medication. Indeed, the available data suggests

231



that SSRI medications induce changes in cerebral perfusion in treatment responsive adults
with MDD only.

However, the secondary fixed effects analysis of functional imaging data in experiment three
indicated that medication status was associated with increased activation in the same region
as was noted to be dysfunctional in the depressed patients, i.e. the anterior cingulate (BA24).

Despite the reduced power of this finding, it is suggestive of an effect of antidepressant
medication on metabolism in the healthy volunteers who participated in experiment three.

Moreover, although one may question the reliability of this observation this region is one

that has been consistently implicated in cognitive function in normal, healthy adults, and
which is known to exhibit functional abnormalities in patients with MDD. Therefore, it is

important to consider the potential role of such a dysfunction in previously noted cognitive
deficits in depressed adults.

Anterior cingulate function has an integral role in both cognitive and affective processing in
normal health adults, with its contribution to both classes of function being largely described
as 'executive'. In support of the diverse nature of AC function, lesions of this area have been
noted to result in a variety of symptoms, including dysfunction of attention, apathy, deficits
in autonomic function, akinetic mutism, and emotional instability (Bush et al., 2000). Across

both cognitive and affective domains, it has been suggested that the anterior cingulate is

involved in initiation, motivation, and goal-directed behaviours (Devinsky, Morrell & Vogt,

1995).

With respect to the contributions of the AC to both cognitive and affective processing, it has
been suggested that the cytoarchitecture of the AC can be subdivided into regions that are

specialised for the cognitive and affective processes it is involved in (i.e. dorsal and rostral-

ventral, respectively; see Bush et al., 2000 for a review). The regions of anterior cingulate
which are involved in the mediation of cognitive function have been noted to have a number
of reciprocal connections to other regions of cortex, including dorsolateral PFC (BA 46/9),

parietal cortex (BA 7) and both premotor and supplementary motor areas (Devinsky et al.,

1995). It has been suggested that the dorsal anterior cingulate cortex contributes to executive

processing via these reciprocal connections using a range of functions, including response

selection, competition monitoring, complex motor control, error detection, and, crucially,
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working memory (e.g. Devinsky et alv 1995; Bush et al., 1999; Carter, Botvinick & Cohen,

1999).

With respect to working memory performance, the previous review of putative regions of
activation in working memory tasks was indicative of the role of anterior cingulate in

working memory function (see Chapter 1, section 1.2). A number of investigations have
noted significant changes in the level of activation in the anterior cingulate during the

performance of working memory tasks (e.g. Schumacher et al., 1996; Braver et al., 1997;
Callicott et al., 1999; Jansma et al., 2000). Jansma and colleagues found a large regions of
load sensitive activation in the anterior cingulate (i.e. Jansma et al., 2000). However, it has
been suggested that the alteration of anterior cingulate activity is a crucial response to the
level of task difficulty, rather than a load-dependent response (e.g. Barch et al., 1997).

The pattern of AC function in resting state and functional activation studies of MDD has not

been consistent. While some studies have found alterations of AC function in depressed

patients, including both increases (e.g. Videbech et al., 2002) and decreases (e.g. Bench et al.,

1992; Bench et al., 1993; Elliott et al., 1997; Kumari et al., 2003), other investigations have
failed to find any evidence of a dysfunction of AC associated with MDD (e.g. Saxena et al.,

2001; Videbech et al., 2003). However, these differences may reflect inter-study variation in
factors pertinent to the observation of metabolic differences between healthy controls and

depressed patients. Indeed, in a review of cingulate gyrus function, Ebert & Ebmeier, (1996)
found evidence of altered anterior cingulate perfusion in a range of functional imaging
studies of the relationship between depressive symptoms and cerebral metabolism.

Although one study found evidence of a reduced cerebral blood flow in rostral AC (i.e.

Kumari et al., 2003), given the functional distinction of the anatomical substructures of the
AC this abnormality in cingulate function may instead reflect affective, rather than cognitive,

processes. However, studies of cognitive dysfunction in MDD have noted significant
correlations between AC activity and memory function in depressed patients (e.g. Dolan et

al., 1994). Therefore, the evidence from functional neuroimaging studies of major depression

appears to support the notion of a dysfunction of anterior cingulate associated with both
affective and cognitive aspects of depressive symptomology.
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The observations of the role of anterior cingulate activation in both normal participants and

depressed patients supports the notion that the observed dysfunction in the anterior

cingulate in the patients in experiment two was a contributory factor to the observed deficit
on the behavioural measures of the n-back task in this experimental group. The dorsal

location of the cluster of significantly increased AC activation in the depressed patients (i.e.
BA 24) suggests that the abnormal activity of the AC was associated with the pattern of
executive dysfunction seen in depressed patients, rather than being related to the affective
abnormalities noted in the patients. Given the varied role of the dorsal anterior cingulate, it
is difficult to ascertain which aspect(s) of working memory function are likely to be impaired

by this type of abnormality.

While there is considerable evidence to suggest that the anterior cingulate is involved in

executive processes, determining the specific role of AC in measures of WM is a relatively
difficult process. However, there is evidence to suggest that the function of this cortical

region may be restricted to aspects of task difficulty associated with the performance of

parametric measures of working memory, rather than cognitive load.

8.3 Further research recommendations

Further investigation of the performance of individuals with MDD on the n-back measure of

working memory, during functional neuroimaging, is recommended for a number of
reasons. Firstly, it is suggested that the extension of the maximal levels of difficulty of the n-
back task would allow for the estimation of whether depressed patients experience of
differential decrease in performance as the level of cognitive-load approaches ceiling levels
of performance, compared to controls. This type of manipulation should allow for the
further clarification of whether depression associated deficits in working memory are simply
the result of the effect of factors such as a generalised task difficulty, state stress, or

sensitivity to performance feedback, or whether memory load does indeed play a significant
role in depressed patients' ability to undertake such measures.

Moreover, this type of manipulation of the n-back task might alter the metabolic effects
noted in the second experiment. Indeed, it is possible that increasing task difficulty may

enable a clearer definition in the role of the MOPFC in modulating the performance of

depressed patients on this type of measure, by allowing a more detailed exploration of the
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corresponding behavioural data. Similarly, a differential decrease in performance as a result

of increased load on the central executive may be reflected in functional abnormalities in

putative regions of central executive function, such as the dorsolateral prefrontal cortex.

As previously noted, the depressed samples that participated in the first and second

experiments were a relatively specialised group of patients. They were comparatively

young cohort, with respect to other studies of this type, and they tended to exhibit

symptoms of chronic depressive illness. Therefore, the repetition of this paradigm in larger
and more varied groups of depressed participants is recommended. It is likely that this
would help to address the issue of whether the lack of significant differences on specific

aspects of behavioural performance are the result of the relatively small and specialised

experimental groups who participated in functional neuroimaging in this study. In

addition, such replication of the experimental paradigm would also allow for the
determination of whether, or not, the observations in these studies are specific to young,

chronically ill depressed patients, or whether the type of deficit that were noted (i.e. both
behavioural and functional) are characteristic of a wider population of depressed
individuals.

A significant limitation, which was noted post-hoc, was the failure to include physiological
measures of stress and arousal during scanning. Although this would have been useful in

general in extrapolating the relationship between various variables of interest, it would have
been of particular use in exploring the association between psychomotor function and task

difficulty. Therefore, in future studies of this sort it may be practical to include some sort of
measure of physiological arousal, such as breathing or heart rate or skin conductance,

during functional imaging.

The final recommendation for further research is the repetition of the paradigm used in

experiment three. There are relatively few studies of the effects of AD medication on

cerebral metabolism in healthy volunteers, and the results from this study are not entirely

unequivocal. Therefore, further investigation of this issue is warranted in order to ascertain

an accurate profile of cerebral metabolism associated with medicated status. This will not

only aid in the clarification of such effects in healthy volunteers but will also assist in
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determining which aspects of functional abnormality in MDD can be attributed to

depressive illness and which are the result of a patient's medication status.

8.4 Conclusions

In conclusion, the results of the series of investigations that comprised this study were

indicative of a dysfunction of executive processes in adults with major depressive disorder,
relative to matched healthy controls. This dysfunction included measures of selective

attention, cognitive flexibility, and attentional switching, in addition to a main deficit in

working memory function (i.e. as measured using the n-back task).

The degree of disparity in the performance of depressed patients and healthy controls could
not be attributed to group differences in IQ, nor was it the result of impaired psychomotor
function or reduced motivation in depressed individuals. The origin of the working

memory deficit noted in depressed patients appeared to be the result of a dysfunction of an

aspect of the performance of measures of working memory pertaining to task difficulty,
rather than manipulations of the magnitude of load on the central executive component of
the working memory system.

This latter assertion was partially supported by the observation of abnormal activity in thee

MOPFC/rAC in depressed patients, associated with the linear increase in the level of

difficulty in the n-back task, i.e. patients were found to experience a relative increase in the
level of functional activation in this region. In addition, consideration of the event related

responses in cortical activation suggest that the increased activation in this region was

related to both affective and cognitive responses to task difficulty in those instances in which

patients performed the task incorrectly (i.e. stress/arousal and guessing, respectively).

In the final experiment altered activity in the anterior cingulate was observed in a fixed
effects analysis of functional imaging data from a group of healthy volunteers who had been

given a short-course of an SSRI medication. While this observation did not have a direct

impact upon the observations of this study it does have implications for the interpretation of
the observation of AC dysfunction in previous neuroimaging studies of MDD. For example
it could be suggested that the altered activity in the AC of depressed patients could

236



potentially be attributed to the medication status of individuals with MDD, rather than

being symptomatic of depressive illness.

In comparison to previous investigations of working memory function in MDD, this study
has been successful in demonstrating a dysfunction of human working memory in

depressed adults. The results of the functional neuroimaging data are indicative of a

dysfunction in the medial orbital prefrontal cortex/rostral (subgenual) anterior cingulate,
which is likely to have contributed to the observed behavioural differences in depressed

patients and healthy controls on the measures of executive function that were used in this

study, via mediation of both affective and cognitive function.
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AppendixOne:Literaturereviewsummarytables
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Appendix1A:Summaryofcognitivedeficitsindepression Notes:1.Unlessotherwiseindicate,'Depressed'denotesindividualswithunipolar,majordepressivedisorderand'Controls'denotesmatched,healthycontrols.Additionaldescriptionsof participantgroupsarenotedwherenecessary.2.Thecitationsforeachoftheassessmentsemployedineachstudyareasappearedintheoriginaltext,andreferdirectlytotheversionofthe taskusedinthegiveninvestigation.3.Identificationofspecificcognitivefunctionsrelatingtoassessmentswherepossiblearethoseidentifiedbytheinvestigators.Wherethespecific functionunderinvestigationhasnotbeenoutlinedinthepaperinquestionthefunctionoutlinedinthetableapproximatestocognitivefunctionsidentifiedinotherinvestigationsutilising thesame(orsimilar)assessments4.Forthosestudieswheredepressedindividualswerecomparedtopatientswithotherpsychiatricconditions(e.g.schizophrenia)onlythosedatarelating to significanteffectsinthedepressedgroupareoutlined.5.Dataarepresentedrelatingtoanyexploratoryfactorsincludedineachstudy,i.e.factorsthatmayaffecttheseverityofdeficit observedinindividualswithmajordepressivedisorder. Authors)(Date)
Participants:Type(N)

1

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Austinetal.(1992)

Depressed(40)(i.e.20 endogenous&20neurotic) vs.Controls(20)

1.ReyAuditoryVerbalLearningTest (RAVLT;Rey,1964,Lezak,1983) 2.Digitsymbolsubstitutiontestandblock design(DSST)(WAIS-R;Weschler,1981)
3.Digitspanforwards(DGF)anddigit spanbackwards(DGB)(WMS-R; Weschler,1987)

4.TrailmakingA&B(ArmyIndividual TestBattery,1944)
5.F-ASverbalfluency(Borkowski,etal., 1967) 6.NationalAdultReadingTest(NART; Nelson&CTConnell,1978)

Novellearning(1) Immediatememory(recall) (1&3) Short-termmemory(STM) (recallandrecognition)(1) Psychomotorspeed(2,4,&
5)

Concentration(4) Attention(4)

Bothendogenousandneurotic groupsimpairedonAVLT-both recallandrecognition.Endogenous groupmoreimpairedthanneurotic
onDSSTandtrailA&B

Impairmentwas significantlycorrelatedwith severityofdepression(i.e. HRSD&Newcastlescales), afterco-varyingforage. Noassociationbetween clinicalvariables(e.g. familyhistoryofaffective disorder,personalhistoryof attemptersuicideetc.)and cognitivefunction. Noeffectofconsumptionof medicationoncognitive function.
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Authors)(Date)
Participants:Type(N)

l

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Austinetal.(1999)

Depressed(77)(i.e.39 melancholic&38non- melancholic)vs.Controls (28)

1.DGF&DGB(WMS-R) 2.ReactiontimeA(i.e.simple)&reaction timeB(i.e.choice)(Hubbert,1987) 3.TrailsA&B 4.Strooptask(Golden,1978) 5.FASverbalfluency(Borkowski,etal., 1967) 6.WisconsinCardSortingTest- Abbreviated(WCST-64;Heaton,1981)
7.Similarities(WAIS-R) 8.ReyAVLT 9.Visualreproduction(WMS-R) 10.DSST(WAIS-R) 11.NART(Nelson,1982)

Attention(1) Immediaterecall(1) Psychomotorspeed(2&5) Informationprocessing speed(2) Set-shiftingability(2,3,6,&
9)

Visuomotorspeed(3&9) Selectiveattention(4&9) Abilitytoconceptualise(7) Immediatememory(recall) (8) Short-termmemory(recall &recognition)(8)

Depressedsamplemostimpairedon mnemonictasks,simplereaction time,andTrailsB.Melancholic patientsadditionallyimpairedon WCST(perseverativeresponse)and DSST.Cognitiveperformanceof non-melancholicpatientslargely unimpaired.

Neuropsychologicaltest scoresinverselycorrelated withdepressionseverity (i.e.HRSD)and psychomotordisturbance. Noeffectofmedication statusoncognitivefunction. Alsolittleeffectof psychosisandageonlevel
ofimpairment.

Bartolicetal.(1999)
Euphoric(30)vs. dysphoric(30)(i.e.mood induced,healthycontrols)
1.ControlledOralWordAssociationTest (COWAT;Benton&Hamster,1983) 2.TheRuffFiguralFluencyTest(RFFT); Ruff,1988)

Verbalfluency(1) Figuralfluency(2)

Euphoriaassociatedwithbetter verbalthanfiguralfluency. Dysphoriaassociatedwithbetter figuralthanverbalfluency. Implicationsfortheroleofaffectin thefunctionofthefrontallobes.
N/A

Bazinetal.(1994)

Depressed(23)(i.e.in¬ patients)vs.Controls(37)
1.Cuedrecall 2.Word-stemcompletion

Implicitmemory(1) Explicitmemory(2)

Depressedpatientsimpairedon cued-recallbutnotword-stem completion. Effectdisappeareduponrecovery.
N/A
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Authors)(Date)
Participants:Type(N)

l

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Beats,Sahakian,&Levy (1996)

Elderlydepressed(24)vs. Controls(15)

1.WAIS-Rshortform-i.e.vocabulary, comprehension,DSST,blockdesign,and objectassembly. 2.NART(Nelson,1982) 3.KendrickCognitiveTestsfortheElderly (KOLTandKDCT;Kendrick,1985)(i.e.for dementiascreening)
4.F-A-Sverbalfluency(Milner,1964) 5.CANTAB: a.Workingmemoryandplanningbattery -spatialspan(Milner,1971),spatial workingmemory(PetridesandMilner, 1982),spatialplanning(TowerofLondon (TOL);Shallice,1982)) b.Attentionalbattery-set-shiftingtask (Downesetal.,1989),reactiontime(simple andchoice),visualsearchtask(Treisman &Gelade,1982),

c.Visuospatialmemorybattery-pattern recognition,spatialrecognition,delayed match-to-sample(DMTS;Mishkin,1982), paired-associatelearning(Owensetal., 1985)

Psychomotorspeed(4,5(b) -i.e.simplereactiontime) Short-termmemory(5(a)- spatialspan) Workingmemory(5(a)- spatialworkingmemory) Planning(5(a)-TOL) Set-shifting(5(b)) Informationprocessing speed(5(b)-choicereaction time) Visualselectiveattention (5(b)-visualsearch) Visuospatialmemory(5(c))
Depressedpatientsimpairedonall testscomparedtocontrolsand themselvesatrecovery.Thus depressionintheelderlyassociated withasignificantdegreeofdeficits

ontestssensitivetofrontostriatal dysfunction-someofwhichare specifictodepression,andsomethat donotremituponrecovery.
Responselatencyof performancemeasuresin patientscorrelated significantlywithnumber ofdepressiveepisodes experienced. Ageofonsetinversely correlatedwithresponse latencymeasures.

Brand,Jolles,&Gispen- deWied(1992)

Depressed(24)(i.e.DSM- m-Rclassification:13 dysthymic,7major depressed,2atypical,&2 bipolar)vs.Controls(26)
Word-learningtask(adaptedfrom RAVLT;(Lezak,1983;Mayes1986)-1,3&

5trialvariations

Immediatememory(recall) Short-termmemory(recall andrecognition)

Patientsimpairedonrecallon1&5 triallearningtask.On3triallearning tasknotimpairedexceptfor immediaterecall.Patients significantlyslowerthancontrolson recognitiontask-butrecognised similarnumberofwords. Datasuggestimpairedretrievaland encodingofinformation-especially whenprocessingdemandsarehigh.
N/A

Brebion,Smith,& Widlocher(1997)

Depressed(26)vs. Controls(26)

Wordrecognitiontask

Responsebias Discrimination

Meandiscriminationindexwas lowerindepressedpatientsthan controls.Nodifferenceintheindex ofresponsebiasbetweengroups.
Severityofdepression(i.e. MADRS)wasrelatedto discrimination. Psychomotorretardation wasrelatedtoresponse bias.
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Authors)(Date)
Participants:Type(N)

l

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Brown,Bench,&Dolan (1994)

'Unimpaired'depressed (UD)(10)vs.'Impaired'* (19)vs.Controls(C)(20) (unimpaired/impaired distinctiondeterminedby assessmentonthe CAMCOGindexofthe CAMDEX(Rothetal. 1988)) * -10'borderlineimpaired' (BD),9'impaired'(ID)
1.CAMCOG 2.Mini-MentalStateExamination(MMSE; Folsteinetal.,1975) 3.WAIS-R(Weschler,1986)-vocabulary, similarities,comprehension,arithmetic, anddigit-span 4.SchonellGradedWordReadingTest (Schonell,1942;NelsonandMcKenna, 1975) 5.WeschlerLogicalMemory(LM)and Word-PairAssociateLearningTest(PALT; Weschler,1945) 6.RAVLT(Taylor,1959) 7.Brown-Peterson(BP)test(Brown,1958; Peterson&Peterson,1959) 8.Verbalfluency-'free','category',and 'letter' 9.TokenTest(Spreen&Benton,1969) 10.WeiglTest(Weigl,1941)

Languagefunction Memory-recalland recognition Attention Behaviouralregulation
UD Impairedonarangeofmeasures. Thosemostsensitivetodepression includedrecallmemory(especially afterdelay),aspectsofrecognition memory,short-termmemory(where rehearsalisprevented),verbal fluency,andlanguage comprehension. UDvs.BDvs.ID Majorityofcognitivetestsrevealeda gradientoffunctioni.e.UD>BD>ID
Absenceofanysignificant relationshipbetween cognitivefunctionandany indexofdepressionrelating toseverity,symptomology, ortreatment.

Channon&Green(1999)
Depressed(23)vs.Control (23) (12individualsineach groupwererandomly allocatedto'strategy-aid' condition.Remaining participantsallocatedto 'nostrategyaid'condition)
1.Memoryforcategorisedwordstask (Channon,etal.,1989) 2.Sentencecompletiontask(adaptedfrom theHaylingtest(Burgess&Shallice,1996)) 3.Multipleschedulingtask(adaptedfrom thesixelementstest(Shallice&Burgess, 1991))

1.Recognition 2.Responsesuppression 3.Executivefunction
Depressedparticipantsperformed worsethancontrolsonallthree measures,andusedappropriate responsestrategieslessoften. Provisionofstrategyhintsincreased theuseofperformancestrategyin tasks(1)and(2),butdidnot significantlyimproveperformance

ineithergroup.

Nosignificantcorrelations betweenmeasuresof severity(i.e.HRSDand BDI)andanyofthe performancemeasures.

Channon(1996)

Dysphoric(28)vs.Control (28)

WCST(Heaton,1981)

Set-shifting

Dysphoricindividualstookmore trialstocompletethetaskandmore errors(i.e.bothperseverativeand non-perseverative).Datasupport thenotionofimpairedcentral executivefunctionindysphoric individuals.
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Author(s)(Date)
Participants:Type(N)

l

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Channon,Bakerand Robertson(1993)

Depressed(24)vs. Controls(21)

1.Phonologicalsimilarityeffect (WildingandMohindra,1980)
2.Wordlengtheffect(adaptedfrom Baddeleyetal.,1984)

3.DGF(Weschler,1981) 4.Forwardblocksequence(Weschler, 1981)
5.DGB(Weschler,1981) 6.Backwardblocksequence(Weschler, 1981)

7.PacedAuditorySerialAdditionTest (PASAT;followingGothametal., 1988)
8.Trail-makingtest(Reitan,1958) 9.Lettercancellationtest(Dilleretal., 1974)

Workingmemory (1.-3.Phonologicalloop, 4.Visuospatialsketchpad 5.-9.Centralexecutive)
Someevidenceofimpairmentof testsofcentralexecutivefunction, withrelativesparingofthe phonologicalloopandvisuospatial sketchpad.

Nosignificantcorrelations betweenself-report measures(i.e.BDIand LeytonObsessional Inventory(Snowdon,1980), andtheStateTraitAnxiety Inventory(Spielbergeretal., 1970),pasthistoryof depression,pasthistoryof dysthymia,orscoreon HRSD,tomedicationstatus (i.e.medicatedvs. unmedicated)withscores onthebackwarddigitspan andPASAT.

Cohenetal.(1982)

Depressed(11)(i.e.3 euthymic,3moderate,and 3severe:2bipolar patients)vs.Controls(5)
1.Motortask-forceexerted(inkg)in squeezingadynamometer,andduration ofhalf-maximalresponse 2.Memorytask-recollectionoftrigrams
Changesinmotorand memoryresponse associatedwithmoodshift
Nodifferencebetweendepressed andcontrolsinleft-orright-hand peakforce. Durationofhalf-maximalresponse significantlylessindepressedgroup. Severelydepressedpatientsshowed arapiddeclineinmemory performancewithtimeofrecall comparedtoothersubgroups.
Deficitsinmotorand cognitiveperformance seemedtobeproportionate toseverityofdepression (i.e.HRSD&BDI)

Cohenetal.(1999)

Schizophrenics(26 inpatient&27outpatient) vs.Depressed(25)vs. Controls(31)

1.AXversionofthecontextprocessingtest (AX-CPT);Servan-Schrieber,Cohen,& Steingard,1997) 2.Strooptask(MacLeod,1991) 3.Lexicaldisambiguationtask 4.Digitspan 5.Wordspanrecall

Context-processing(1) Selectiveattention(2) Inhibition(2) Languageprocessing(3) Short-termmemory(4&5)
Depressedpatientsdidnotdiffer fromcontrolsontheAX-CPT,oron theaccuracymeasureoftheStroop. Comparedtocontrols,depressed patientsshowednotendencyfor facilitationinthelongISIcondition oftheStroop(i.e.forreactiontime). Depressedpatientsdidnotdiffer fromcontrolsinthenumberof context-biasedresponsesintask3. Nosignificantdifferencesbetween depressedpatientsandcontrolsfor eithermeasureofSTM,

N/A
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Authors)(Date)
Participants:Type(N)

l

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Denny&Hunt(1992)
Depressed(16)vs. Controls(16)

1.Freerecalltask 2.Word-stemcompletiontask Bothtasksusingaffectivelyvalenced words

Explicitmemory(1) Implicitmemory(2)
Intheexplicitmemorytaskcontrols recalledmorewordsthandepressed patients.Moreover,depressed patientsweremorelikelytorecall negativelyvalencedwordsthan positivelyvalencedwords.The oppositepatternwasobservedinthe controls. Noeffectofgrouporwordvalence

intheimplicitmemorytask.
N//A

Elderkin-Thompsonetal. (2003)

Minordepressed(28)vs. Majordepressed(26)vs. healthyelderly(38)
1.ModifiedCardSortTest(MCST;Nelson, 1976) 2.TrailmakingA&B(Lezak,1995) 3.Blockdesign(Weschler,1981) 4.CaliforniaVerbalLearningTest(CVLT; Delis,etal.,1987)

5.BostonNamingTest(BNT;Kaplan,etal, 1983) 6.ContinuousVisualMemoryTest (CVMT;Trahan&Larrabee,1988) 7.Semanticfluency(Laine,1988) 8.DGF&DGB(Weschler,1987) 9.MMSE

Verballearningandrecall(4 &7) Maintenanceofset(1) Executivefunction(2(B),3, &5) Nonverbalrecognition memory(6) Workingmemory(8)
Controlsperformedbetterthan majordepressedpatientsontestsof verbalrecallandmaintenanceofset. Majoralsoperformedworsethan minordepressedindividualson thesemeasures.Controlsperformed betterthanminordepressed individualsontestsofexecutive functioning.Workingmemorywas borderlineforseparatingcontrols andmajordepressed

Partialcorrelations controllingforageand educationindicatedthat performancedeclinedwith increaseseverityof depression(i.e.HRSD).

Elliot&Greene(1992)
Depressed(10)vs. Controls(10)

1.Cuedrecall 2.Freerecall 3.Word-stemcompletion 4.Homophonespelling

Explicitmemory(1&2) Implicitmemory(3&4)
Depressedpatientswere significantlyimpairedonbothofthe explicittasksandbothoftheimplicit taskscomparedtocontrols.
N/A
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Author(s)(Date)
Participants:Type(N)

1

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Elliotetal.(1996)

Depressed(28)vs. Controls(26)

1.NART 2.CANTABtestbattery-(a)Patternand spatialrecognition,(b)Simultaneousand delayedmatch-to-sample(SMTS& DMTS),(c)spatialspan,(d)spatial workingmemory,(e)TOL,(f)NewTOL,
(g)attentionalset-shiftingtask(i.e.ID/ED paradigm-ID:intra-dimensional,ED: extra-dimensional). 3.F-A-Sverbalfluency(Benton,1968)

Recognitionmemory(2(a)) Visuospatialmemory(2(a), 2(b),2(c)) Spatialworkingmemory (2(d)) Set-shifting(2(e)) Planning(2(0&2(g))
Patientsweresignificantlyimpaired onF*A*S,patternandspatial recognition(accuracyandreaction time),SMTS,DMTS(accuracyand reactiontime)*,spatialspan,spatial workingmemory(i.e.moreerrors andlessuseofstrategy)TOL& newTOL(i.e.globaldeficitin performanceaccuracyandsloweron two-andthree-moveproblems,but fasteronfour-andfive-move problems) Nosignificantgroupsdifferencesin movementtimesonTOLandon attentionalset-shifting. * -covaryingforMTSlatency removedthesignificantgroupeffect onDMTSlatency

Significanteffectoffailure onsubsequence performanceinpatients- i.e.motivationaldeficit. Significantcorrelation betweenclinicalrating scores(i.e.HRSD, Montgomery-Asberg DepressionRatingScale (MADRS)(Montgomery& Asberg1979),&Clinical InterviewforDepression (CID)(Paykel,1985))and neuropsychologicaldeficits -especiallymnemonic deficits.

Fossatietal.(1999)
Depressed(20)vs. Schizophrenic(14)vs. Controls(20)

1.P-R-Vverbalfluency(Benton,1968; Cardebat,etal.,1990)
2.DGF&DGB(WAIS-R)(Weschler,1981) 3.Cognitiveestimate(Shallice&Evans, 1978) 4.WCST(modifiedversion,Nelson,1976) 5.DelisTest(cardsortingtest)(adapted fromDelisetal.,1992) 6.Grober&Buschke'smemorytask('free andcuedselectivereminding'adapted fromGrober,etal.,1988)(i.e.verbal learningtask)

Spontaneouscognitive flexibility(1&5) Reactivecognitiveflexibility (a)Setshifting(4) (b)Setmaintenance(1&4) Initiation(1&5) Selection(1&3) Workingmemory(1,2,3,4,&
5)

Episodicmemory(6)
Depressedpatientsexhibited executivebutnotmnemonici.e.task 6)deficits. Deficitsinseveral'higher-level' functionscombinedtoproduce executiveimpairmentsindepressed patients-includingcomplex integrationforconceptformation, spontaneouscognitiveflexibility, andinitiationability

Nocorrelationbetween clinicalratingsofsymptom severity(i.e.MADRS)and cognitiveperformance. Meandurationof depressiveepisodewas correlatedwithsemantic fluency.
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Goldberg,etal.(1999)
Depressed(29)vs. Schizophrenic(57)vs. Bipolardepressed(16)
1.WAIS-Rshortform(Silverstein,1985) 2.WideRangeAchievementTest- Revised(WRAT-R)readingtest(Jastak& Wilkinson,1984))(i.e.ameasureof premorbidintellectualfunction)

3.WMS-FormII (a)Visualreproduction (b)Pairedassociatelearning (c)Logicalmemory
4.WCST(Axelrod,etal.,1992) 5.TheCategoryTest(LaLonde,1985) 6.Lineorientation(Benton,etal.,1978) 7.Facialrecognition(Benton,etal.,1978)

Visuomotorspeed(3(a)) Selectiveattention(3(a),4) Recall(3(a),(b),and(c)) Set-shifting(4) Conceptformation(5) Cognitiveflexibility(5) Problemsolving(5)

Schizophrenicpatientsmore impairedthanaffectivepatientson testsofpsychomotorspeed, attention,memory,andproblem solving.

Indepressedpatients, symptomseverity(i.e.Brief PsychiatricRatingScale (BPRS;Overall&Gorham, 1962)accountedformore than28%ofvariancein cognitiveperformance.

Golinkoff&Sweeney (1989)

Depressed(18)vs. Personalitydisorder(18) vs.Controls(18)

1.Frequencyofoccurrence 2.Pairedassociatelearning

Automaticprocessing(1) Effortfulprocessing(2)
Noimpairmentofautomatic processing.

Ineffortfultasksdepressedpatients hadatendencytorecalland recognisefewerwordsthancontrols. Resultssuggestthatthepoorer performanceofdepressedpatients reflectbasicmemoryimpairments ratherthanageneralinabilityto allocatecognitiveefforttomore demandingtasks.

Therewasnosignificant correlationbetweenseverity ofdepression(i.e.HRSD) andrecallorrecognition scores.
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Grant,Thase,&Sweeney (2001)

Depressed(123)vs. Controls(36)

1.Halstead-ReitanTrailMakingTest(Part A)

2.Digitspantest 3.CPT(Cornblatt,etal.,1989) 4.TheHopkinsVerbalLearningTest (Brandt,1991) 5.Visualreproduction(WMS-R;Weschler, 1987) 6.Halstead-Reitancategoriestest 7.COWAT(F-A-S) 8.WCST(Heaton,1981) 9.TrailMakingTest(PartB) 10.CANTAB 11.TheStockingsofCambridgeTask (basedonTOL;Shallice1982) 12.Spatialworkingmemorytask 13.ID/EDAttentionalSet-shiftingtask 14.Spatialrecognitionmemorytask 15.SMTS&DMTS 16.Patternrecognitionmemorytask 17.Pairedassociatedlearning 18.Spatialspantest

Psychomotorspeed(1) Verbalattention(2) Sustainedattention(3) Verbalmemory(4) Immediateanddelayed visualmemory(5) Executivefunction(6-10) Conceptformation(6&8) Verbalfluency(7) Maintenance(8) Set-shifting(8,13) Cognitiveflexibility(9) Planning(11) Workingmemory(12) Visuospatialmemory(14- 18)

Nosignificantdifferencesbetween depressedpatientsandhealthy subjectsonanymeasureofattention, psychomotorfunctioningor mnemonicmeasures. Depressedpatientswereimpaired
ontheWCSTonseveralparameters, includingnumberofcategories completed,perseverativeresponses, perseverativeerror,andfailuresto maintainset.

Nodeficitswereseeninothertestof executivefunctioning.

No significantcorrelation betweenseverityof depression(i.e.BDI& HRSD)andmeasuresof executivefunctioning memory,attention,or psychomotorperformance. Modestrelationships betweenclinicianrated severityofdepressionand performanceonsometests fromtheCANTAB. Differencesinperformance
onDMTS,ID/ED&WCST arepersistenceof depressivesymptoms Significantage-corrected correlationsforagesof onsetoffirstepisode, psychomotorspeed,and executivefunctioning-i.e. lateronsetassociatedwith greaterdeclinein performance.

Grossmanetal.(1993)
Depressed(44)vs. Controls(44)

KaufmanAdolescentandAdult IntelligenceTest(KAIT;Kaufman& Kaufman,1993)'

Tertiarymemory Planningability Secondarymemory- delayedandimmediate recall

Depressedpatientsdidnotdiffer significantlyfromcontrolsonKAIT variables,butdiddiffersignificantly onthedelayedvs.immediaterecall ofverbalinformation.

N/A
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Hsley,Moffoot,& CCarroll(1995)

Depressed(15)vs. Controls(15)

1.MMSE 2.DGF&DGB 3.Rivermeadbehaviouralmemorytest (RBMT) 4.Oralverbalfluencytask (a)Letterprompt(m) (b)Semanticcategory(animal) 5.Sillysentencestest(Colllins&Quillian, 1969) 6.Wordstemcompletion 7.DSST

Short-termmemory(2) Episodicmemory(3&6) Semanticmemory(4&5) Implicitmemory(6) Psychomotorspeed(7)
Patientswereunimpairedonshort- termmemory,recognition,semantic memoryandimplicitmemory. However,comparedtocontrols patientsshowedsignificantdeficits

inpsychomotorspedandfreerecall (i.e.bothimmediateanddelayed)- i.e.suggestiveofsparedencoding andimpairedsearchandretrieval processes. Noevidenceofahedonicbiasin recallofpositiveandnegatively valenceditems.

Nocorrelationbetween severityofdepressionand levelofmemory impairment. Presenceofpsychotic symptomsdidnoteffectthe cognitiveprofileobserved
inpatients.

Kessing(1998)

Euthymicdepressed(118) vs.Euthymicbipolar(28) vs.Controls(58)

1.CAMCOG 2.TheMattisDementiaRatingScale (MDRS;Mattis,1976) 3.TheGottfries-Brane-Steen(GBS) DementiaRatingScale(Gottfries,etal., 1988) 4.MMSE 5.GlobalDeteriorationScale(GDS; Gottfries,etal.,1982)

Language(1&2) Attention(1&2) Abstractthinking(1&2) Verbalandnon-verbal short-andlong-term memory(1&2) Calculation(1&2) Perception(1&2) Praxis(1&2)

Patientswithonlyoneepisodedid notdifferfromcontrolsonany measure.Patientswithmorethan oneepisodeweresignificantly impairedonallmeasuresvs. controls.

BDIscorecorrelated significantlywithMMSE, GBS,andGDS. No.ofepisodessignificantly associatedwithCAMCOG andMDRSmeasures.

Landro,Stiles, Sletvord,(2001)

Depressed(22)vs. Controls(30)

1.Fingertapping(i.e.twotasksfromthe AutomatedPsychologicalTest(APT; Levander&Elithorn,1987)
2.Choicereactiontime(fromAPT) 3.TrailmakingA&B 4.DSST 5.PASAT-A&B(i.e.4.0&2.0sec, respectively) 6.DGF 7.RandtMemoryTest(Randt,Brown,& Osbourne,1980)

8.KimuraRecurringRecognitionFigures Test(Kimura,1963)
9.COWAT 10.WAIS-RBlockDesign 11.WAIS-Rsimilarities

Motorfunction(1) Selectiveattention(2) Mentalflexibility(3(i.e. differencebetweenA&B) Visuomotortracking(4) Workingmemory(5) Short-termmemory(6) Long-termmemory-verbal andnon-verbal(7&8) Verbalfluency(9) Visuospatialfunction(10)
Significantdifferencesbetween groupsinselectiveattention, workingmemory,verballong-term memory,andverbalfluency-i.e. patientsworse. Selectivedeficitindepressed patientsonselectiveattentionand workingmemory. Short-termmemoryleastimpaired

indepressedpatients. Onthechoicereactiontimetask, depressedpatientsweresignificantly slowertorespondwithleft-hand thancontrols.

N/A
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MacQueenetal.(2002)
Depressed(40)vs. Controls(40)

1.NART(Nelson,1982) 2.CognitiveFailuresQuestionnaire
Recollectionmemory
Patientshadimpairedrecollection memorybutnoimpairmentinhabit memorycomparedtocontrols.
Impairmentwasnot predictedbyindicesof currentmood(i.e.HRSD& SCID)butwaspredictedby self-assessmentofmood (i.e.BDI-II)andpast numberofdepressions. Noevidenceofeffectof medicationonperformance

Merriametal.(1999)
Depressed(79)(i.e. unmedicatedformin.28 days)vs.Schizophrenic (47)vs.Controls(61)
WCST

Set-shifting

Depressedpatientsmademore errors(i.e.bothperseverative&non- perseverative),tooklongertoreach thefirstcategory,completedfewer categoriesoverall,hadfewer conceptual-levelresponsesand lowerlearning-to-learnscoresthan controls.

HRSDscoresmoderately correlatedwiththenumber ofcategoriesachieved, numberofperseverative errors,numberof perseverativeresponsesand thepercentageof conceptuallevelresponses.

Milleretal.(1991)

Depressed(28)vs. Controls(28)

Luria-NebraskaNeuropsychological Battery(LNNB;Golden,etal.,1985)
Memory Intellectualprocesses Psychomotoractivity Auditoryattention Sustainedattention Visualmemory Verbalencoding Verbalmemory

Nosignificantdifferencesbetween patientsandcontrols-exceptona singlemeasureofattention.
Nosignificantcorrelations betweensymptomology(i.e. measuredusingHRSD)and cognitiveperformance

Moffootetal.,(1994)
Melancholicdepressed (20)(i.e.patientswithdear diurnalvariation)vs. Controls(20)

1.DGF&DGB(followingRandt&Brown, 1983) 2.DSST 3.RAVLT 4.CANTAB- (a).RT (b).SMTS&DMTS 5.Dynamometerhandsqueezetask
Attention Concentration Psychomotorspeed(2& 4(a)) Workingmemory(1) Verballearningand memory(3) Visuospatialmemory(4(b)) Motorperformance(5)
Morningpatternof neuropsychologicalimpairment: attention,concentration,working memory,episodicmemory,RT& speedofSMTS,andmotor performance. Eveningpatternofimpairment: psychomotorslowing,and visuospatialmemory

MorningCortisolcorrelated withdiurnalimprovement
inneuropsychological functioning.
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Moritzetal.(2002)

Depressed(25)vs. Schizophrenic(25)vs. Obsessive-Compulsive (25)vs.Controls(70)
1.WCST(Loong,1990) 2.StroopTask(Moritz,Mass&Junk,1998) 3.TrailMakingA&B(Reitan,1992) 4.DGF&DBG 5.(Creative)verbalfluency(Schoppe, 1975)

Set-shifting(1) Selectiveattention(2) Inhibition(2) Concentration(3) Psychomotorspeed(3) Short-termmemory(4) Workingmemory(4) Verbalfluency(5)

Depressedpatientswereimpaired
onallmeasurescomparedto controls.

Coreclinicalratingswere notsignificantlycorrelated withtaskperformance(i.e. HRSD). DatafromtheOCDpatients indicatednosignificant effectofanti-depressantson performance.

Murphyetal.(1999)
Manicdepressed(18)vs. Depressed(28)vs. Controls-A*(18)& Controls-B*(22)

* -groupA:manic matched,groupB: depressedmatched

1.NART(Nelson,1982) 2.MMSE(Folstein,etal.,1975) 3.Patternandspatialrecognitionmemory 4.SMTS&DMTS 5.TOL 6.Affectiveshiftingtask-i.e.Go/No-go
Spatialrecognitionmemory (3) Visuospatialmemory(4) Planning(5) Workingmemory(5) Inhibitorycontrol(6)
(Note:Re:Behaviouraldatafor depressedpatients-onlydatafor task6presented) Depressedpatientswereimpairedin theirabilitytoshiftthefocusof attention,andexhibitedbiasfor negativestimuli.

Nosignificantcorrelations betweenmeasuresof severity(i.e.HRSD, MADRS,&CID)and performancemeasures.

Murphyetal.(2001)
Manicdepressed(18)vs. Depressed(22)vs. Controls(26)

1.NART(Nelson,1982) 2.MMSE(Folstein,etal.,1975) 3.Decisionmakingtask(Rogers,etal., 1999a)

Decisionmaking

Depressedpatientswereimpaired
onthistask,comparedtocontrols, i.e.slowerdeliberationtimes, failurestoaccumulateasmany points,andsuboptimalbetting strategies.

Severityofdepression(i.e. HRSD)wasnotsignificantly correlatedwiththequality ofdecision-making.

Murphyetal.(2003)
Depressed(27)vs. Controls(23)

1.ProbabilityReversaltask(Swainson,et al.,2000) 2.Spatialworkingmemory(CANTAB) (Robbins,etal.,1994,1998)-i.e.feedback andno-feedbackvariations

Visualdiscrimination(1) Workingmemory(2)
Depressedpatientswereimpairedin theirabilitytomaintainresponseset whenreceivingnegativefeedback. Theirabilitytoacquireandreverse thenecessaryvisualdiscrimination wasimpaired. Onthespatialworkingmemory task,depressedpatientsmade significantlymorebetween-search errorsthancontrols,butwerestill abletousenegativefeedbackto facilitateperformance.

Nosignificantmaineffectof medicationonperformance andnosignificant relationshipbetween clinicalvariablesand neuropsychological performance.
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Palmeretal.(1996)
Olderdepressed*(36)(i.e.

22predominantly vegetativesymptoms,14 predominantly psychologicalsymptoms) vs.Controls(40)
* -alldepressed participantswere>45 years.

1.WAIS-R(Weschler,1981) 2.WMS-R(Weschler,1987) (a)Logicalmemory (b)Visualreproductions 3.Rey-OsterriethComplexFigure(ROCF; Lezak,1995)
4.WarringtonRecognitionMemoryTest (RMT;Warrington,1984) 5.BNT(Kaplan,etal.,1987) 6.COWAT(Lezak,1995) 7.Stroop(Goodglass&Kaplan,1979) 8.AuditoryConsonantTrigramsTest (ACT;Stuss,etal.,1982) 9.WCST(Heatonetal.,1993)

Short-termrecall(2(a)) Set-shifting(2(b)&9) Visuomotorspeed(2(b)) Selectiveattention(2(b)&7) Visuospatialmemory(3) Recognition(4) Executivefunction(5) Verbalfluency(6) Inhibition(7) Verbalmemory(8)

Vegetativevs.controls:patients impairedonfullscaleand performanceIQmeasures, immediaterecallinvisual reproductionstask,delayand retentionconditionsoftheROCF, recognitionoffaces,andonthe WCST(i.e.oncategory, perseverativeresponses,and perseverativeerrorsmeasures). Psychologicalnotimpairedonany measurescomparedtocontrols. Vegetativevs.psychological depressed:Vegetativepatients impairedondigitspan,digitsymbol, andWCST(i.e.onperseverative responsesandperseverativeerrors measures)tasks.

N/A
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Porteretal.(2003)

Medicationfree* depressed(44)vs.Controls (44) (* medicationfreeforat least6weekspriorto testing)

1.DSST(Weschler,1981) 2.RAVLT(Rey,1964) 3.Pairedassociateslearning(CANTAB) 4.PatternRecognition(CANTAB) 5.Spatialrecognition(CANTAB) 6.Simulatneous/delayedmatchingto sample(CANTAB) 7.FAS(Benton&Hasher,1976) 8/Excludeletter'fluencytest(ELFT) (Bryanetal.1997) 9.Vigilcontinuousperformancetest (Cegalis&Bowlin,1991) 10.Spatialworkingmemory(CANTAB) 11.TOL(CANTAB)

Neurocognitivefunction (1.Psychomotor performance,2.Verbal learningandmemory,3.- 6.Visuospatiallearningand memory,7.-11.Sustained attentionandexecutive function)

Evidenceofsignificant neurocognitiveimpairmentinyoung adult,outpatients,withunipolar depression.Impairmentacrossa rangeofcognitivedomains- includingattention/executive function,andvisuospatiallearning andmemory.Deficitsalmost exclusivelyonmeasuresofaccuracy.
Severityofdepression significantlynegatively correlatedwithnumberof indicesoflearningand memory(i.e.RAVLT-long- termrecall,long-term recognition,pattern recognition-percentage correct,delayedmatchingto sample,andpaired associatedlearning-total trials. Inpatientscortisol/DHEA ratiowassignificantly, negativelycorrelatedwith performanceontheDSST andpositivelywithTOL initialthinkingtime. Ifexcludemelancholic patients,FASanddelayed matchingtosampletrialsno longerreachingstatistical significance.Exclusionof patientsmeetingNewcastle- definedendogenous depressiondifferenceson FASandRAVLTListBno longerreachedsignificance.

Purcelletal.(1997)

Depressed(20)vs. Controls(20)

CANTAB:
1.'Executive'tasks (a)Spatialspan;(b)Spatialworking memory;(c)TOL;(d)ID/ED

2.Visualmemorytasks (a)DMTS;(b)Spatialrecognition;(c) Patternrecognition

Short-termmemory capacity(1(a)) Workingmemory(1(b), 1(c)) Planning(1(c)) Attentionalset-shifting (1(d)) Visuospatialmemory(2(a)- (c))

Patientswerenotimpaired(vs. controls)onmeasuresofSTM capacity,spatialWM,planning ability,cognitivespeed,DMTS,or recognitionmemory. Patientsdidshowimpairmentson subsequentmovementlatencieson TOL,andonattentionalset-shifting.
Medication(i.e.taking medicationvs.no medication)hadnoeffect

onsignificantimpairments. Nosignificantcorrelations withageofonset,lengthof illness,severity(i.e.HRSD), age,IQ(NART)and educationwithimpaired performance.
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Ravnkilde,etal.,(2002)
Depressed(40)vs. Controls(49)

1.DanishAdultReadingTest(DART) (Nelson&McConnell,1978) 2.WAIS-vocabulary,information,DGF& DGB,(Weschler,1955)
3.Subtractingserialsevens(Smith,1967) 4.Stroop(Stroop,1935) 5.WAIS-R-DSST(Weschler,1981) 6.TrailmakingA&B(Reitan,1955) 7.Verbalfluency(Borkowski,Bento,& Spreen,1967) 8.TokenTest(Spellacy&Spreen,1969) 9.Brown-PetersonTest(Peterson,1966) 10.WMS-R-visualreproduction (Weschler,1987) 11.Test/Logicalmemorytest(Weschler, 1945) 12.LuriaVerbalLearningTest (Christensen,1975) 13.WCST(Heaton,1981)

Verbalintelligence(1&2 (notDGF&DGB)) Attention(2(DGF&DGB),
3,&4) Visuomotorspeed(5&6) Language(7&8) Memory(2(DGF&DGB),9, 10,11&12) Executivefunction(13)

Patientsperformedsignificantly worsethancontrolsonmeasuresof verbalintelligence(notDART), attention,verbalfluency,short-term memory(i.e.onBrown-Petersontest
-althoughdifferencewasonly significantatlongestdelayintervals, immediaterecallontest/logical memorytest,andthevisual reproductiontest). Regardingexecutivefunction,the onlydifferencebetweenpatientsand controlstoalmostreachsignificance wasfailuretomaintainset(i.e. patientsscored,onaverage,greater

onthismeasure). Resultscouldnotbeexplained simplyintermsofgroupdifferences
inpsychomotorspeed(i.e.patients weresignificantlyslowerthan controlsoverarangeofmeasures). Indeed,theonlysignificant differencethatappearedtobe alteredbyco-varyingfor psychomotorspeedwas performanceonverbalfluencyfor wordsbeginningwithS.

Stroop,DSST,trailmaking andvisualreproductionall significantlycorrelatedwith severity(i.e.HRSD). Thereappearedtobeno significantdifferenceson neuropsychological measuresbetweenthose patientsreceivinganti¬ depressantmedicationand thosenot.Similarly, durationofconsumptionof medicationdidnotseemto effectthesemeasures.
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Robertson&Taylor (1985)

Depressed(12,i.e.6 unipolarand6'reactive') vs.Bipolar(16)vs. Controls(41) (Note:allparticipants wereimprisonedatthe timeofassessment,the majorityawaitingtrial)
1.WAIS-R(short-form) 2.Verbalfluency (a)freeassociation(b)category(c)F&S 3.Visualretention: (a)simpleverbal(b)mixedfunction(c) 'faces' 4.Visualrecognition: (a)alphabet(b)embeddedletter(c)broken letter(d)brokenfigure 5.SchonellGradedWordReadingTest
Verbalfluency Visualmemory

Unipolarvs.controls:Impairedon verbalfluency(i.e.categoryandF& S),performanceintelligence(i.e. picturecompletion,picture arrangement,andblockdesign), visualretention(i.e.simple,mixed, andfaces),andvisualrecognition (i.e.embeddedletter,brokenletter, andbrokenfigure). Reactivevs.controls:Impairedon verbalfluency(alltasks),verbal intelligence(i.e.digitspan), performanceintelligence(i.e.picture arrangement),andvisualretention (i.e.faces)

N/A

Roy-Byrneetal.(1986)
Depressed(10)vs. Controls(10)

1.Simpleinformationprocessing 2.Sustainedeffortandinformation processing

Automaticprocessing(1) Effortfulprocessing(2)
Depressedindividualswere significantlyimpairedonthe effortfultaskcomparedtocontrols butnotontheautomatictask.
Suggestedthatpoorerfree recalloftheentire depressedgroupislikelyto beamedicationeffect.

Shahetal.(1999)

2studies: 1.Depressed(20)vs.Acute schizophrenia(20)vs. Chronicschizophrenia(40) vs.Controls(40)
2.Depressedvs.Controls

SMTS&DMTS(CANTAB)

Visualmemory

Depressedpatientswereimpaired
onbothSMTSandDMTScompared

tocontrols.

Depressedpatientsdidnot showanabnormalresponse
tonegativefeedback. Moreover,responseto negativefeedbackwasnot effectedbydiurnal variation.

Sweeney,Kmiec,& Kupfer(2000

Depressed(58)vs.Bipolar (35)vs.Controls(51)
1.TOL 2.SpatialWM 3.ID/ED 4.Spatialrecognition 5.SMTS&DMTS 6.Patternrecognition 7.Paired-associatelearning 8.Spatialspan 9.Bigcircle/littlecircle 10.Fivestagereactiontime

Planning(1) Workingmemory(2) Attentionalset-shifting(3) Visuospatialmemory(4,5,
6,&7) Short-termmemory(8) Psychomotorspeed(9&10)

Nogroupdifferencesintasks9&10
-i.e.cognitivedifferencesdueto differencesinprocessingratherthan differencesinmotorspeed. Significantdeficitsindepressed restrictedtoepisodicmemory.

Severityofdepression(i.e. HRSD)andseverityof psychosis(i.e.Scaleforthe AssessmentofPositive Symptoms(SAPS; Andreasen,1984)was significantlycorrelatedwith severalaspectsofcognitive performance. Nosignificanteffectof differenceclassesof medication. Agewasassociatedwith testperformance
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Tham,etal.,(1997)
Euthymicpatients(26)(i.e. Manic(9)vs.Depressed (10)vs.Bothmanicand depressed(7))vs.Controls (notspecified) Note:patient classificationsbasedonthe typeofepisodethatleadto theirhospitalisation
1.Synonym,reasoning,andblock-test (SRB)battery(Dureman,Salde,& Batteriet,1971)

2.Schulze10-wordtest(Claeson,etal., 1971) 3.Memoryfordesignstest(Graham& Kendall,1960)
4.Halstead-ReitanNeuropsychology Battery(Bolls,1981)-(a)trail-makingtest, (b)rhythmtest,(c)fingertapping

Verbalunderstanding(1- synonymstest) Visual-constructiveskill(1- blockdesigntest) Verbalmemory(2) Non-verbalmemory(3) Visuospatialscanningand flexibility(4(a)) Non-verbalauditory perception,attention,and sustainedconcentration (4(b)) Motorspeed(4(c))

Overallperformanceofeuthymic patientswaslowerthancontrols. Thisdifferencewasindependentof thetypeofepisodethatledto hospitalisation. Theonlysignificantdifference betweenthethreepatientsub¬ groupswasonthetrail-makingB test-i.e.significantdeclineinT- scoresofpatientsadmittedforboth manicanddepressedepisodes comparedtothoseadmittedonlyfor episodesofdepression.Patients admittedformaniaonlywere significantlyimpairedonsynonym andtrail-makingBcomparedwith depressedonly.

Numberofhospitalisation episodeswassignificantly correlatedwithreasoning, generalintelligence,and trail-makingA&B-i.e. thosepatientswithhigher levelofimpairmenthada greaternumberof hospitalisations. Onlytrail-makingAwas significantly(positively) correlatedwithlengthof illness. Allothercorrelationsfor effectsofage,gender, lengthofillness,and numberofhospitalisations oncognitivefunctionwere non-significant.

Thomas,Goudeman,& Rousseaux(1999)

Depressed(10)vs. Controls(10) (Note:Patientswere assessedbothduring periodofillnessandon recovery)

1.Singletask-simplebimodalRT 2.Singletask-choicebimodalRT 3.Dualtask-simplebimodalRT 4.Dualtask-choicebimodalRT
Effortfulprocessing Automaticprocessing
Depressedpatientimprovedfrom singletodualtasks(i.e.comparedto controlsandrecoveredwhoboth worsened). Depressedpatientsshowed significantimpairment(i.e.bothtime andaccuracy)ontasksthatrequired decision-making. Suggestedthatdeficitsinattention seenindepressioncannotbe explainedbyprocessingresources alone.

N/A
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Authors)(Date)
Participants:Type(N)

l

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Trichard,etal.,(1995)
Depressed(23)vs. Controls(15) (Note:Depressedsample includedbothunipolar andbipolarpatients,but authorsdon'tnoterelative numbersofeach)

1.Stroop 2.Verbalfluency(FA'S&MPD) 3.WAIS-R-vocabularysubtest
Selectiveattention(1) Inhibition(1) Verbalfluency(2)

Atinclusionpatientswereimpaired
onbothtaskscomparedwithnormal controls.

Timecoursechanges-i.e. onlyverbalfluency normalisedwithsuccessful treatmentofdepression. Suggestthatselectivedeficit maypersistbeyondaclear clinicalimprovement. Nosignificantcorrelation betweenseverity(i.e. MADRS)ordepressive retardation(i.e.Salpetriere RetardationRatingScale (SRRS;Widlocher& Ghozlan,1989))and psychologicalperformance
indepressives. Improvementinverbal fluencycorrelatedwith severity(i.e.MADRS).

Tsourtos,Thompsonand Stough,(2002)

Depressed(19)vs. Controls(20)

Inspectiontime

Speedofinformation processing

Speedofinformationprocessing impairedinyoung,unmedicated, unipolardepressedpatients.
Nosignificantcorrelation betweeninspectiontime andlevelofdepression(i.e. asmeasuredusingtheZung DepressionScale(Zung, 1965)). Significantnegative correlationbetweenthe lengthofdepressionfrom firstdepressiveepisode(i.e. p<0.05),andatrend towardsanegative correlationbetween inspectiontimeand durationofcurrentepisode (i.e.p=0.06)

WatkinsandBrown (2002)

Depressed(14)vs. Controls(14)

1.Ruminationordistractioninduction task. 2.Randomnumbergenerationtask.
Executivefunction(2)
Ruminationindepressedpatients occupiescentralexecutiveresources.
N/A
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Author(s)(Date)
Participants:Type(N)

1

CognitiveandNeuropsychological Assessment(s)2

CognitiveFunction(s)
ofInterest3

Significanteffects4

FactorsofInterest5

Weingartneretal.(1981)
3studies: 1&2.Depressed(10)vs. Controls(10)

3.Affectivedisorder(10; i.e.Depressed(4),Bipolar (TypeI)(1),&Bipolar (TypeII)(5))vs.Controls (10)

1.Levelsofprocessinglearningtask 2.Categorisationandrecallofwords
Encoding

Impairmentinrecallofinformation wasmostevidentinpatientsinthose processingconditionsthatrequired theuseofmoreelaborateprocessing strategies. Ifdepressedpatientsareprovided withorganisationandstructurethen learning-memorydeficitsarenot apparent.

N/A

Wolfeetal.(1987)

Depressed(20)vs.Bipolar (12)vs.Huntington's(10) vs.Controls(20)

1.RAVLT 2.FAS

Verbalrecalland recognition(1) Verbalfluency(2)

Depressedpatientswereimpaired withrespecttobothrecalland recognition,comparedtocontrols. However,depressedpatientswere notimpairedontestsofverbal fluency.

N/A
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Appendix1B:Summaryofreviewsofneuropsychologicalandcognitivefunctionindepression Note:Detailsarepresentedofaselectionofreviewarticles(i.e.meta-analytical,systematic,orselectiveinnature)whichhavesummarisedtheevidenceofdeficitsinspecificdomainsof cognitioninindividualswithaunipolardepressiveillness.TheaboveselectionincludesreviewsthathaveexaminedthedatanotonlycomparingpatientswithMDDwithcontrol participantsbutalsowithotherpsychiatricgroups.Moreover,someofthereviewspresentedincludedetailsofstudiesinvolvingcomplimentarymethodologies(e.g.neuroimaging evidence).However,thedatapresentedhereareonlythoserelativetothecognitivefunctionofindividualswithmajordepression. Authors)(date)

Method

Cognitivefunction(s)ofinterest
Conclusion(s)

Factor(s)ofinterest

Austin,Mitchell,& Goodwin(2001)

Selective computerisedreview -cognitivedeficitsin depressionandtheir braincorrelates

1.Episodicmemoryandlearning 2.Executivefunction

Evidenceofanumberofdysfunctionofboth visualandverbalexplicitmemorywith relativesparingofimplicitmemory. Despiteearlyconflictsinreports,evidenceof executivedysfunctionacrossstudies,which maybespecifictoset-shiftingtasks.
Manystudiessuggestthatreporteddeficitsinmajor depressionmaybeindependentofage,severity, depressivesubtype,taskdifficulty,motivation,and responsebias. Somedeficitsappeartopersistbeyondclinicalrecovery.

Burt,Niederehe,&Zembar (1995)

Meta-analysis-i.e.of studiesexamining recallandrecognition
indepressedandnon- depressedsamples

Mnemonicfunction-recalland recognition

Significantimpairmentofbothrecalland recognitionindepressedpatients.Although, theauthorsnotethatonlyanassociationis determinedbytheinvestigation,ratherthana cause,causaldirection,orunderlying mechanism. Resultsindicatedthatimpairmentsof memorywerecharacteristicofsome,butnot all,psychiatricdisorders.Thusthe possibilitythatimpairmentsareassociated withgeneralisedaspectsofpsychopathology, ratherthansyndromespecificfactors.
Directionofeffectvariedasafunctionofthetypeof memorybeingassessed(i.e.recallvs.recognition)orthe typeofstudy(i.e.onevs.twolevels). Forbothrecallandrecognition,significantageeffects indicatedagreaterassociationofimpairmentinyounger, relativetoolder,patients.Moreover,memory performancewasmorestronglyassociatedwith depressionininpatients,comparedtooutpatients. Recallimpairmentmoreassociatedwithdepressionin mixedvs.unipolarpatients. Recognitionappearedtobemoreassociatedwith depressioninunipolarvs.mixedpatients.

Inoneanalysis,medicationstatuswassignificanton recallZscores,butnotrecognition. Greaterdepressioneffectsonmemoryforpositive,vs. negativeandneutral,stimuli. Retentionintervalalsohadasignificanteffect-i.e. depressionmoreassociatedwithimpairmentindelayed, vs.immediate,recognition.Theconversewastruefor recall. Inonelevelrecallstudies,depressionwasmore associatedwithvisualthanverbalstimuli.Theopposite wastrueoftwolevelrecallstudies.
Inrecognitionstudies,onelevelstudiesshowedgreater associationofdepressioninverbal,ratherthanvisual, tasks.
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Authors)(date)

Method

Cognitivefunction(s)ofinterest
Conclusion(s)

Factor(s)ofinterest

Christensen,etal.(1997)
Meta-analysis-i.e. examinationof performanceof depressedand Alzheimer-type dementia(DAT) patientsonstandard andexperimental clinicaltestsof cognitivefunction.
1.Intelligence 2.Verbalfunction 3.Perception-(a)visualand(b) auditory 4.Memory-(a)registration,(b)verbal long-term,(c)non-verballong-term,(d) mixed,and(e)remote.

5.Conceptualability 6.Executivefunction 7.Motorperformance 8.Constructionalability 9.Orientation 10.Attentionandtracking 11.Mentalstatus

Significanteffectsizesfordepressedpatients, comparedtocontrols,ontestsofintelligence, verbalfunction,auditoryperception,memory (i.e.exceptmixedmemory),conceptual ability,executivefunctioning,motor performance,constructionalability,attention andtracking,andmentalstatus.
Patientcharacteristics:Olderdepressedpatientsshowed greaterimpairmentsthanyoungerdepressedpatients. Datasuggestthatgivensimilarlevelsofdepression, olderdepressedpatientswouldstillperformworsethan youngerpatients. Inpatientstatuswasconsistentlyrelatedtoeffectsize. Endogenousdepressedindividualswerenotmore impairedthannon-endogenousdepressives. ECTuse,andseveritywerealsoassociatedwithseverity

ofimpairment. Taskcharacteristics:Relativetocontrols,depressed patientsperformedproportionatelyworseontestsof speedandvigilance. Depressedindividualsrecalledmoreontestswith depressedcontent,ratherthanneutralorpleasant. Comparedtocontrols,depressedpatientsdidnobetter
onmemorytaskswherethestimuliwerecategorised,vs. thoseweretheywerenot.Thesamewastrueofvisual vs.verbaltasks,andofrecallvs.recognitiontasks. Moreover,therewasnoevidencetosupportthe propositionthatthedeficitsseenindepressionaremore severeinthenon-dominanthemisphere. However,performancesubtestsontheWAISweremore susceptibletotheeffectsofdepressionthanverbaltests.

Crews&Harrison(1995)
Reviewofstudies examiningthe neuropsychologyof depression-anit's relationtocognitive theoryandtherapyof depression

1.Executivefunction 2.Psychomotorfunction 3.Abstractionability 4.Visuospatialprocessing 5.Constructionalability 6.Mnemonicfunction

Depressedpatientsappeartobeimpairedon testsofexecutivefunction(including sustainedattention,motivation,and concentration),psychomotorfunction, abstract,visuospatialprocessing, constructionalability,andmnemonic function(i.e.bothshort-andlong-termvisual andverbalmemory).

Performanceontestsofpsychomotorfunctionis associatedwithseverityofdepression(especiallyin thosetasksrequiringsustainedeffort). Visuospatialandvisuomotortasksareconsistently impairedirrespectiveofdepressivesubtype(e.g.reactive vs.endogenous) Overall,whilethedegreeofdeficitobservedbetween differentsubtypesofpatientsdodifferthepatternof impairmentappearstoberatherconsistent.Similarly, severityofdepressionappearstoonlyeffectthedegree ratherthantypeofdeficit.
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Author(s)(date)

Method

Cognitivefunction(s)ofinterest
Conclusion(s)

Factor(s)ofinterest

Elliot(1998)

Reviewofthenature
ofneuropsychological profileindepression, theinteraction betweencognitiveand clinicalfeatures,and theneuroimaging evidencerelatingto neuropsychologyand neuropathology.

1.Mnemonicfunction 2.Executivefunction 3.Effortfulvs.automaticprocessing 4.Moodcongruentbiasesininformation processing

Patientsshowdeficitsinbothmemory(i.e. bothvisualandverbal,short-andlong-term) andexecutivefunction-althoughdeficitsin thelattermaybemoreprominentin depression. Whilethereisevidenceofimpairmenton effortfulbutnotautomaticprocessingin depression,thereisalsocontradictory evidence-therefore,needtoclarifywhether cognitiveeffortinausefulconceptin explainingthepatternofneuropsychological impairmentobservedindepression. Thereisevidencetosuggestthatthe performanceofdepressedpatientsis facilitatedbytheuseofunpleasantstimuli (i.e.vs.pleasantorneutralstimuli).This appearstoholdtrueforbothexplicitand implicit(e.g.priming)studies.
Motivation:Lackofmotivationmaybeoneclinicalfactor thatplaysacausalroleinneuropsychologicaldeficits associatedwithdepression-butwouldnotexplainthe relativesparingofcertaincognitivefunctionsseenin somestudies.Thus,itissuggestedthatitmaybethe morespecificissueofresponsetoperformancefeedback thatisthekeyissue(i.e.abnormalresponsetonegative feedbackindepressedindividuals). Severityofdepression:Inconsistenciesinthereportingof therelationshipbetweentheseverityofdepressionand cognitiveperformance. Statevs.traitfactorsindepression:Balanceofevidence suggeststhatthereisanotableimprovementincognitive performanceonrecoveryfromdepression.However, thereisevidencetosuggestthatbothtraitandstate factorscontributetothecognitiveprofileofdepressed individuals. Hospitalisation:Inpatientsperformworsethan outpatientsonmeasuresonneuropsychologicalfunction. Medication:Recentevidenceseemstosuggestthatwhile traditionaltricyclicmedicationcandisruptcertain aspectsofcognition,moremodernanti-depressantshave alessnoticeableeffect(i.e.inbothpatientsandcontrols). Age:Depressionismorereliablyrelatedtocognitive impairmentinelderlydepressedpatientsthanthose undertheageof40-however,thisisnotnecessarilya straightinteractioneffect.Thereisevidencetosuggest thatwhiledepressioninthoseunder40ismorereliably associatedwithexecutivedysfunction,thoseover50 showimpairmentthatextendstomemoryfunction,and thoseover70showtheadditionalimpairmentof cognitiveslowing.

Hartlage,etal.(1993)
Reviewofstudies concernedwith relativeperformance ofindividualswith depressionontestsof effortfuland automaticprocessing.
1.Automaticprocessing 2.Effortfulprocessing.

Depressioninterfereswitheffortful processing. Depressiononlyminimallyinterfereswith automaticprocessing.

Degreeofinterferenceoneffortfultasksisdeterminedby thedegreeofeffortfulnessofthetask,theseverityof depression,andthevalenceofthestimulusmaterial used.
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Author(s)(date)

Method

Cognitivefunction(s)ofinterest
Conclusion(s)

Factor(s)ofinterest

Mialet,Pope,and Yurgelun(1996)

Reviewofliterature examiningattentionin depression.

1.Globalattentionalimpairment Specificcognitiveprocesses,i.e.: 2.Informationprocessing 3.Automaticvs.effortfulprocessing 4.Attentionalresources 5.Selectiveattention

Consensusofmoststudiesisthatdepressed individualsexhibitdecreasecognitive efficiencyontestsofattention-i.e.both impairedperformanceandspeed.This decreaseinefficiencyoccursatbothearlyand latestagesofinformationprocessing. Depressedpatientswillexhibitanon-specific impairmentofselectiveattentionontasks requiringspeed.Memorystudiesof depressionshowthatimpairmentisrelated
totheoverallprocessingrequirementsthan toaprecisememorystage,andsuggest impoverishmentofbothinputandoutputof informationprocessing.However,the patternofdeficitisnon-specific-i.e.similar patternseeninotherpsychiatricgroups.

N/A

Roediger&McDermott (1992)

Reviewoffourstudies examiningimplicit memoryindepression
Implicitmemory

Depressiondoesnotaffecttheamountof primingonseveralimplicitmemorytests underconditionsthatdemonstratemarked effectonexplicitmemory.Themood- congruityeffectalsolargelydisappearson perceptualimplicittasks

N/A

Sobin&Sackheim(1997)
Reviewofstudiesof psychomotorfunction

indepression

1.Speech 2.Motorresponsetime (alsoconsideredgrossmotoractivity andbodymovement)

Speech:Speechpausetimeandpausetimeat speechinitiationaregreaterindepressed thancontrols.Whereas,fundamental frequencychangerate,fundamental frequencyvariability,andrateofarticulation arealldecreasedindepression. Motorresponsetime:Decisiontimeand motorresponsetimearebothincreasein depression,asisthecentralprocessing componentofdecisiontime.Simplereaction timeisincreasedinpsychotic,butnotnon- psychotic,depression.

Courseofillness,diurnalvariation,medicationstatus, sex,andageareallassociatedwithagitationand retardation.
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Authors)(date)

Method

Cognitivefunction(s)ofinterest
Conclusion(s)

Factor(s)ofinterest

Tavares,Drevet,& Sahakian(2003)

Reviewofcognitionin depression(and mania)

1.Motorfunctionandearlyinformation processing
2.Memory 3.Executivefunction 4.Responsetonegativefeedback

Studiessuggestpsychomotorslowingin MDD,aswellasimpairmentintheearly stagesofinformationprocessing(i.e.as measuredusinginspectiontime).Evidenceis alsosuggestiveofmemorydysfunctionin verbal,spatial,andemotionaltasks.Patients withMDDhavealsoshowndeficitsontasks
ofplanning,decision-making,andresponse inhibition.Furthermore,depressed individualsexhibitanabnormalresponseto negativefeedback.

N/A

Veiel(1997)

Met-analysisofall appropriatestudies publishedbetween 1975and1997 examiningthe neuropsychologyof depression.

1.Attentionandconcentration 2.Verbalfluency 3.Scanningandvisuo-motortracking 4.Visuospatialfunctions 5.Verballearning(acquisitionand retention/retrieval) 6.Non-verballearning(acquisitionand retention/retrieval) 7.Mentalflexibilityandcontrol 8.Compositeindicatorsofbraindamage 9.ChoiceRT

Nosubstantialdifferencesbetweenpatients andcontrolsinsimpleattentionfunctionsas measuredbyimmediatememoryspan. Depressedpatientsshowedgreater variabilitythancontrolsintheirscoreson testsofverbalfluency,scanning&visuo- motortracking,andvisuospatialfunctions. Theproportionofpatientsscoringinthe defectiverangeoneachofthesemeasures wasapprox.11,18.2and15%,respectively. Onverbalandnon-verballearning acquisitionandverbalretentiontherewas alsoanincreaseinvariabilityofscoresin MDD(%defective=14.5,15.5,and15.1%). However,therewasnodifferencebetween MDDandcontrolsontheretentionofnon¬ verbalinfo.Therewasalsoaconsiderable andconsistentimpairmentonmeasuresof mentalflexibilityandcontrol,andonthe indicatorsofbraindamageinMDD.Onboth thesemeasurestherewasalsoareasonably largedispersionofscores.Therewasalso evidenceofsignificantimpairmentofMDD patientsonchoiceRTmeasures-i.e.notdue
todeficitinperceptualprocessesorstored executionofmotorresponsesbutdeficient responseprocessing.

N/A
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Method

Cognitivefunction(s)ofinterest
Conclusion(s)

Factor(s)ofinterest

Zakzanis,Leach,&Kaplan (1998)

Meta-analysisof studiesbetween1980- 1997examining neuropsychological functionindepression (i.e.22studies meetingresearch criteria)

1.Episodicmemory 2.Declaritivememory 3.Responseinitiationandpersistence 4.Attention 5.Semanticmemory 6.Primarymemory 7.Workingmemory 8.Motorspeed 9.Visual-perceptualconceptualisation
Allthosestudiesthatwereexamined comparedMDDpatientswithnormal controls.Testsofepisodicmemory, declarativememory,responseinitiationand persistenceandattentionallshowedabove medianeffectsizes.Minimaleffectsizeswere notedintestsofsemanticmemory,primary memory,workingmemory,motorspeedand visual-perceptualconceptualisation.Thereis evidencethatdepressionhasselectiveeffects ontheencodingprocessesinepisodic memory.Moreover,thereisevidenceof impairmentindepressionofeffortfulor attention-demandingtasks.However,none oftheeffectsizesnotedwerelargeenoughto allowforthecompletediscriminationof patientsfromcontrols.

N/A
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Appendix1C:Summaryofrestingstateimagingstudiesofdepression Notes:UnlessotherwisenotedallstudiesexaminedindividualswithMDD(i.e.'Depressed')incomparisontomatched,healthycontrols(i.e.'Controls').Forthosestudieswhereadditional psychiatricgroupswereincluded,onlythoseresultspertinenttoMDDarenoted.1:Thesethreestudiesconstituteaseriesofanalysisonasinglepatientgroupatdifferenttimepoints;2: ThesestudiesareallpublicationsareallderivedfromdataobtainedbytheDanishPET/depressionproject. Author(s)(date)

Subjects:Type(N)
Method

Significantobservations

Factorsofinterest

Austin,etal.#(1992)
Depressed(40)vs.Controls (20)

SPECTwith""Tc-exametazime
Depressedgroupshouldreduceduptakeinthemajorityof corticalandsub-corticalregions,mostpronouncedin temporalandinferiorfrontal,andparietalareas.
Strongpositiveassociationbetween uptakeandscoresontheNewcastle scale,especiallyinthecingulateareas andfrontalcortex. NegativeassociationbetweenHRSD scoresandanteriortraceuptake.

Bench,etal.,(1992)1
Depressed(33:10with severecognitive impairment)vs.Controls (23)

PETwith,5Oxygen

InthedepressedgrouprCBFwasdecreasedintheleftAC andleftDLPFC.Therewasalsoastrongtendencytowards decreasedbloodflowinrightDLPFCandtheleftangular gyrus,andincreaseintheleftposteriorcingulategyrus.In thecognitivelyimpairedgrouptherewerealsosignificant decreasesinrCBFintheleftmedialfrontalgyrusand increaserCBFinthecerebellarvermis.
Nosignificantdifferencesbetween medicatedandunmedicatedpatientsin thoseregionspreviouslyidentifiedas significant.

Bench,etal.,(1993)1
Depressed(40)vs.Controls (23)

PETwith,5Oxygen-i.e.examining correlationbetweenrCBFandthree factorswithloadingsfor:(1)anxiety,(2) psychomotorretardationand depression,and(3)cognitive performance.

Despitenormalglobalbloodflow,depressedpatients showedreducedrCBFintheleftAC,leftDLFPC,andthe leftangulargyrus,comparedtocontrols.Strongtrend towardsasig.Increaseintheleftposteriorcingulatecortex (BA23,30).Datasuggestthatsymptomaticspecificitymay beattributedtoregionalfunctionaldeficitsinMDD.Factor
1showedasignificantpositivecorrelationwithrCBFin posteriorcingulatecortexandtheinferiorparietallobule bilaterally.Factor2correlatednegativelywithrCBFinthe leftDLPFCandleftangulargyrus.Factor3correlated positivelywithrCBFintheleftmedialprefrontalcortex.

Therewasnosignificantdifference betweenmedicatedandunmedicated patientswithrespecttoglobalor regionalbloodflow.However,there wasatrendtowardsarelatively decreasedflowinthemedicatedgroup
intherightinferiorfrontallobe(BA47).
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Subjects:Type(N)
Method

Significantobservations

Factorsofinterest

Bench,Frackowiak,& Dolan(1995)1

Depressed(25)

PETwith15Oxygen-i.e.longitudinal studyofrCBFinpatientswhile depressedandduringclinicalremission
Remissionwasassociatedwithasignificantincreasein rCBFinleftDLPFC,andmedialprefrontalcortex,including AC.IncreasesinrCBFintheangulargyruswerenotseen whenthecomparisonofdepressedandrecoveredscans werematchedformedication.Thusthedatasupportthe notionofarecoveryofbloodflowinthoseregionsthatare functionallyimpairedwhendepressed-i.e.abnormalities arestaterelated.

N/A

Brodyetal(2001

Depressed(39)

PETwith18FDG-i.e.changesinrCBF beforeandaftertreatment

AssociationsinrCBFweredeterminedwith4HRSDfactors
-i.e.anxiety(ANX),psychomotorretardation(PR), cognitivedisturbance(COGN),andsleepdisturbance: tension(TENS)andfatigue(FATIG). ImprovementinANX,PR,TENS&FATIGwasassociated withdecreasedventralFLmetabolism.ImprovedANXand TENSalsoassociatedwithdecreasingventralACand anteriorinsulaactivity. ImprovedPRassociatedwithincreasingdorsalACactivity. COGNimprovementwasassociatedwithincreasing DLPFCactivity.

Delvenne,etal.,(1990)
Depressed(38:30unipolar,

8bipolar)vs.Controls(16)
SPECTwith,33Xenon

Nosignificantdifferencesbetweenpatientsandcontrolsin rCBF.However,therewasasignificantlateralisationof bloodflowinendogenous(i.e.vs.non-endogenous)patients -i.e.bloodflowwassignificantlylowerintheLH.The sametrendwasobservedinendogenous.
Age,sex,andHRSDscorewerenot relatedtorCBF(i.e.left,right,total,or outerrim)

Dolan,etal.,(1992)
Cognitivelyimpaired depressed(10:1bipolar) vs.unimpaired(10:1 bipolar)

PETwith15Oxygen

ResultsindicatedaprofileofrCBFabnormalitiesinthe cognitivelyimpairedgroupthatconsistedofdecreasesin theleftanteriormedialprefrontalcortexandincreasesin thecerebellarvermis.Thesechangesareadditionaltothose seenindepressionalonei.e.comparedtocontrols(N=23), patientsshoweddecreaserCBFinleftandrightDLPFC(BA 46),leftACgyrus(BA32),andtherightinsula.
Noevidentsignificanteffectof medicationstatus,illnessduration,or yearsofeducationonrCBF.

Dolan,etal.,(1993)
Depressed(40)vs. Schizophrenic(30)

PETwithI5Oxygen-i.e.relationship betweenpsychomotorretardationand rCBF

Independentofdiagnosis,patientswithpsychomotor retardation(i.e.asdeterminedbypovertyofspeech) exhibitedsignificantlylowerrCBFintheleftDLPFC(BA 46).

N/A
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Subjects:Type(N)
Method

Significantobservations

Factorsofinterest

Dolan,etal.,(1994)
Depressed(29)vs.Controls (16) (seeBench,etal.,1994for fulldetailsofparticipants andmethodology)

PETwith15Oxygen-i.e.correlation betweenrestingstaterCBFand principalcomponentsidentifiedfrom neuropsychologicaldata,resultingin twofactors,withloadingson(1) memoryand(2)attention.

SignificantcorrelationsbetweenrCBFandpatientsloadings onthefirstprincipalfactor(memory)inthecingulatecortex (BA32&24),themedialfrontalgyrus(BA10&9),with areasthatencompassedtheretrosplenialcortex,the precuneus,andtheposteriorcingulatecortex(BA31,30,& 23),theinferiorparietallobule(extendingtotheangular gyrus)andthemiddleandsuperiortemporalgyri.With regardstothesecondfactor,significantcorrelationswere evidentinsuperiorandmedialfrontalgyri,inferiorpost¬ centralgyrus,inferiorparietallobule,andtheposterior aspectofthemiddletemporalgyrusconfluentwiththeleft angulargyrus.

N/A

Drevets,etal.,(1997)
Depressed(17)vs.Bipolar (21)vs.Controls(21)
PET

DepressedpatientsshowedadecreaseinactivityinthePFC ventraltothegenuofthecorpuscollosum.Thisdecrement wasatleastpartlyexplainedbyacorrespondingreduction
incorticalvolumeinthisregion.

N/A

Drevets,etal.,(2002)
Depressed(21:12familial puredepressivedisorder (FPDD),9depression spectrumdisorder)vs. Bipolar(15:7bipolar- depressed,8bipolar- manic)vs.Controls(12)
PETwith18FDG-i.e.examining glucosemetabolismintheamygdala
LeftamygdalametabolismwasincreaseinboththeFPDD andbipolar-depressedgroups,comparedtocontrols.
Leftamygdalametabolismwas positivelycorrelatedwithstressed plasmaCortisollevelsintheunipolar depressedpatients.

Hickieetal.,(1999)
Depressed(25:unipolar andbipolar,rationot specified)

SPECTwithTc-HMPAO-i.e. correlationbetweenrestingstaterCBF andpsychomotorperformance
ChangesinrCBFintheleftneo-striatumwereinversely correlatedwithRT-i.e.patientswithgreatestpsychomotor retardationshowedleastrCBFincreaseduringperformance ofchoicereactiontime.

EffectsonrCBFduringperformanceof theRTtaskswereindependentofage.

Lubar,Congebo,& Askew(2003)

Depressed(15)vs.Controls (15)

LORETA

Betweengroupscomparisonofspectralpowerrevealeda decreaseinactivityintherightmiddletemporalgyrus(BA 21,involvingBA20,22)inthedepressedgroup.
N/A

Mathew,etal.,(1980)
Depressed(13)vs.Controls (13)

133Xenoninhalation

Depressedpatientsexhibitedlowergraymatterflowvalues
inthelefthemispherecomparedtocontrols.Asimilar trendwasobservedfortherighthemisphere,butfailedto reachsignificance.

rCBFvaluesofthedepressedgroup weresignificantly,inversely,correlated withFIRSDscore-i.e.forbothleftand righthemisphere.
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Method

Significantobservations

Factorsofinterest

Ravnkilde,etal.,(2003)2
Depressed(40)vs.Controls (49)

PETwith15Oxygen-i.e.correlation betweenrestingrCBFandanumberof principalcomponentsextractedfrom scoresonaneuropsychologicalbattery
Thecognitivedeficitsseenindepressedpatientswerenot associatedwiththerCBFoftheanatomicalstructuresthat wereaffectedinthisgroup(i.e.hippocampus,DLPFC, orbitofrontalcortex,andACcortex).Analysisofthe associationbetweencognitivefunctionandfunctional activationineachoftheexperimentalgroupsrevealed significantdifferencesbetweenpatientsandcontrolsinthe followingregionsofinterest:rightorbitofrontalcortex,left temporalcortex,leftanteriorcingulate,leftandright hippocampus,leftcaudatenucleus,leftposteriorcingulate, andrightprefrontalcortex.

N/A

Sackheim,etal.,(1990)
Depressed(41:25unipolar,

16bipolar)vs.Controls(40)
133Xenoninhalation

Depressedgroupshowedadecreaseinglobalcorticalblood flowcomparedtocontrols.Moreover,depressedpatients exhibitedabnormalityintopographicdistributionofblood flow-i.e.duetoflowreductioninselectivefrontal,central, superiortemporal,andanteriorparietalregions.Thispatter mayreflectdysfunctionintheparalleldistributedcortical networkinvolvingfrontalandtemporoparietalpolymodal associationareas.

Theextentoftopographicabnormality wasassociatedwithbothageand severityofdepression(i.e.HRSD),but notwithmedicationstatusor depressivesubtype.

Saxena,etal.,(2001)
Depressed(27)vs.OCD (27)vs.OCD+MDD(17) vs.Controls(17)

PETwith18FDG

Lefthippocampalmetabolismwassignificantlylowerin MDDaloneandOCD+MDDpatientsthaninOCDaloneor controls.Moreover,thalamicmetabolismwassignificantly elevatedinOCDandMDDalone.Inaddition,patientswith OCD+MDDhadsignificantlylowermetabolisminthe thalamus,caudateandhippocampusthanOCDalone. Otherselectedregionsofinterest,whichshowedno significantmaineffectofparticipantgroup,included (bilaterally)thecaudate,DLPFC,dorsalandventralAC, OFC,putamen,andVLPFC.

Hippocampalmetabolismwas negativelycorrelatedwithseverityof depression(i.e.HRSD).HRSDscore wasalsosignificantlynegatively correlatedwithnormalisedmetabolism
intheleftandrightamygdala
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Skaf,etal.,(2002)

Depressed(21:9with psychoticfeatures,12 without)vs.Controls(12)
SPECTwith""Tc-ECD(ethyl- cisteinate-dimer)

DecreasedrCBFinthesubgenualportionoftheleftAC cortex(BA25),andinsular,lateraltemporalandparietal cortices,andincreasedrCBFindierightcerebellumandleft occipitalcortexinpsychoticdepressedcomparedto controls.Comparedtonon-psychoticdepressedpatients, thosewithpsychoticfeaturesshoweddecreasedrCBFinAC andinferiorfrontalcortex,andincreasedrCBFintheright cerebellum.Afterco-varyingforHRSDscorethefindingof reducedrCBFinthesubgenualACinpsychoticvs.non- psychoticdepressedpatientsremainedsignificant.
Therewasasignificantnegative correlationbetweenHRSDscoreand rCBFinrightdorsalAC,andbetween psychomotorretardationscoresand rCBFinrightrostralAC.Moreover, therewasatrendtowardsasignificant positivecorrelationbetween psychomotorretardationsub-scoresin thepsychoticdepressedgroupand rCBFintherightposteriorcingulate cortex.Nosignificantcorrelation involvingthesubgenualACorinsulain eitherdepressedgroup.

Tutus,etal.,(1998)
Depressed(10)vs.Bipolar

(7)vs.Controls(9)

SPECTwith""Tc-HMPAO (hexamethylpropylene)

Duringdepressedepisode,unipolardepressedpatients showedarelativeincreaseinrCBFintheleftfrontalcortex comparedtobothcontrolsandbipolarpatients.These differencestendedtodisappearonremission.Remitted, depressedpatientsalsoexhibitedahigherperfusionindex (PI)intherighttemporalregionthancontrols.
Positivecorrelationbetweenanxiety scores(i.e.CAS:Snaith,etal.,1982)and rightfrontalPIvalues.HRSDwasnot significantlycorrelatedwithrCBF. Whilelengthofillnesswasnot significantlyrelatedtorCBF,lengthof currentepisodewassignificantly positivelycorrelatedwithPIinleftand rightparietalregions.
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Author(s)(date)

Subjects:Type(N)
Method

Significantobservations

Factorsofinterest

Videbech,
etal.,(2001)2

Depressed(42)vs.Controls (47)

PETwith,5Oxygen

Aftercontrollingforeffectsofage,gender,yearsof education,anddegreeoflateralisation,patientsexhibiteda significantincreaseinbloodflowtotherighthippocampus andtheleftcerebellumcomparedtocontrols.Therewas alsoatrendtowardsincreasedflowintheleftlateral occipito-temporalgyrusinpatientscomparedtocontrols.
Therewasasignificantincreaseinthe proportionofbloodflowintheparietal andtemporallobesinfemalecompared

tomaleparticipants.Withincreasing agetherewasanincreaseinthe proportionofbloodflowtothebrain stem,thalamus,leftoccipitallobewhite matter,leftmedialoccipito-temporal gyrusandrighthippocampalformation andaconcurrentdecreaseinflowtothe caudatenucleus,leftinsula,inferior frontalgyrus(bilaterally),right superioroccipitalandleftsuperior temporalgyri.Yearsofeducation, degreeoflateralisation,andmedication statusdidnotcontributesignificantlyto themodel.Similarly,severity(i.e. HRSD)numberofepisodesandlength
ofperiodsincefirstepisodedidnot correlatewithrCBF.

Videbech,etal.,(2002)2
Depressed(42)vs.Controls (47)

PETwith,5Oxygen

Patientsexhibitedincreasedbloodflowtothe hippocampus,cerebellum,ACgyrus,andthebasalganglia comparedtocontrols.

Strongnegativecorrelationbetweenthe extentofpsychomotorretardationand bloodflowinthedorsolateraland supraorbitalprefrontalcortices. Severityofdepression(i.e.HRSD)was correlatedwithbloodflowinthe hippocampus.

Wu,etal.,(1992)

Depressed(15)vs.Controls (15)

PETwith18FDG-i.e.effectofsleep deprivationonbrainmetabolismin depression

Aftersleepdeprivation4depressedpatientsshowed reducedHRSDscores-i.e.'responders'.Priortosleep deprivationdepressedrespondersexhibitedsignificantly highermetabolicrateinthecingulatecortexthannon- responders,thisnormalisedafterdeprivation.
N/A
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Appendix1D:Summaryoffunctionalactivationstudiesofdepression Note:Unlessotherwisenotedthestudiesselectedexaminecorticalactivationinindividualswithmajordepression(i.e.'Depressed')comparedtonormalhealthycontrols ('Controls')duringtheperformanceofthespecifiedcognitivetask.Wherealternativeparticipantgroupswereemployedthenthisisexplicitlynoted.However,onlythose resultsrelevanttothepatternofcorticalfunctioninunipolardepressiveillnessarenoted. Author(s)(date)
Participants:Type (N)

Method

Cognitivefunction(s)of interest:Task

Conclusion(s)

Baker,Frith,& Dolan(1997)

Controls(10)-i.e. moodinductionstudy
PETwith15Oxygen

Verbalfluency:paced orthographicverbalfluency orwordrepetition

Functional:Activationwasseverelyattenuatedintheleftprefrontal,premotor,and cingulatecortexandthalamusduringperformanceoftheverbalfluencytaskinthe moodinductionconditions.Attenuationofanteriorcingulateactivationwas specifictodepression. Behavioural:Notpresented

Barch,etal.,(2003)
Depression(14)vs. Schizophrenic(38)vs. Controls(49)

BOLDfMRI-blockdesign
Workingmemory:2-back task(i.e.bothwordsand faces)

Functional:Individualswithdepression,comparedtoschizophrenicpatients, showedclearactivationoftheleftandrightDLFPCaswellasbilateralactivationof theinferiorandsuperiorfrontalcorticesduringperformanceoftheWMtask. Controlsdemonstratedsignificantlyhigheractivationthatdepressedpatientsin bilateralthalamus,rightprecentralgyrus,andrightparietalcortexforbothwords andfaces.Inaddition,controlsshowedsignificanttaskrelatedactivationfor wordsbutnotfacesintherightmiddle-temporalgyrusandrightsuperiorfrontal gyrus,patientsshowedtheoppositepattern. Behavioural:Depressedparticipantsdidnotdiffersignificantlyfromcontrolson performanceonthe2-backtask.
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Author(s)(date)
Participants:Type (N)

Method

Cognitivefunction(s)of interest:Task

Condusion(s)

Berman,etal., (1993)

Depressed(10)vs. Schizophrenic(10)vs. Controls(20)

133Xenoninhalation-i.e. during3conditions:(1)resting state,(2)simplesensorimotor task,(3)cognitivetask
Set-formation,set- maintenance,andset- shifting:WCST

Functional:Noglobalorregionalflowdifferencesbetweenthepatientsand controlsunderanyofthetestingconditions.Therewas,however,asignificant differencebetweenthelateralityindicesofcontrolsandpatientsfortheparietal regionsduringperformanceoftheWCST,i.e.while75%ofcontrolshadrelatively morebloodflowtotheleft,70%ofpatientsshowedmoretotheright. Behavioural:Therewasnosignificantdifferencebetweenpatientsandcontrolson anyofthemeasuresoftheWCST.

Elliot,etal.,(1997)
Depressed(6)vs. Controls(6)

PETwith,5Oxygen

Planning:TOL

Functional:Whilecontrolsengagedanetworkofprefrontalcortex,anterior cingulate,posteriorcorticalareasandsubcorticalstructures(incl.thestriatum), depressedpatientsfailedtoshowsignificantactivationinthecingulateand striatum,andactivationinotherprefrontalandposteriorregionswassignificantly attenuatedrelativetocontrols.Patientsfailedtoshowthenormalaugmentationof activationinthecaudatenucleus,anteriorcingulate,andrightprefrontalcortex associatedwithincreasetaskdifficulty. Behavioural:Depressedpatientswereimpairedonthetaskcomparedtocontrols withregardstoaccuracy.Patientsalsoexperiencedadisproportionateincreasein difficultyinperformancewithincreasedtaskdifficulty.However,depressionhad noeffectonresponselatency
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Authors)(date)
Participants:Type (N)

Method

Cognitivefunction(s)of interest:Task

Conclusion(s)

Elliot,etal.,(1998)
Depressed(6)vs. Controls(6)

PETwith,5Oxygen

Planning:TOL (vs.'guessing7task)-under 3feedbackconditions:(1) positive(2)negative,and(3) neutral

Functional:Comparedwithcontrols,depressedpatientsfailedtoshowsignificant activationinthemedialcaudateandtheventromedialOFC.Activityinthe depressedgroupwasoveralllowerandtheydidnotshowthedifferentialresponse associatedwithconditionthatwasobservedincontrols. Behavioural:Depressedpatientsperformedlessaccuratelyoverallcomparedto controls.Bothgroupsperformedlessaccuratelyinthenegativefeedbackcondition thaninthepositivecondition.Intheneutralconditionwhiletheperformanceof controlswasmostsimilartothepositiveconditiontheperformanceofdepressed patientswassimilartothenegativefeedbackcondition.

Kaiser,etal.,(2003)
Depressed(16)vs. Controls(16)

HighresolutionERP

Executivecontrol,i.e. responseinhibition: auditoryGo/No-gotask
Functional:Bothgroupsshowedthesamevoltagepatterninthe'Go'task,butinthe 'No-go'taskdepressivepatientsshowedareductionoftheearlyfronto-temporal positivityintheN2timewindow,whichwasassociatedwithresponseinhibitionin controls.Suggestsadysfunctionalactivationofthenetworksubservingexecutive controlduringanearlystageofcorticalprocessing. Behavioural:Depressedpatientperformedaswellascontrolsinthe'Go'conditions, butwereimpairedonthe'No-go'condition(i.e.responseinhibition)

Kimbrell,etal., (2002)

Depressed(38:range fromeuthymic- severelydepressed(i.e. HRSD>22))vs. Controls(37)

PETwith,8FDG-i.e. measuringregionalcerebral glucosemetabolism(rCMRglu)
Sustainedattention: auditorycontinuous performancetest

Functional:SeverelydepressedpatientsshoweddecreaserCMRgluintherightPFC andparalimbic/amygdalaregionsandbilaterallyintheinsulaandtemporoparietal cortex(right>left);theyalsoexhibitedincreasednormalisedmetabolicactivity bilaterallyinthecerebellum,lingula/cuneusandbrainstem. Behavioural:Performanceofdepressedpatientsandcontrolswassimilaronthetask withregardstothehitrate,falsealarmrate,andmissrate.However,thereaction timesofdepressedpatientsweresignificantlyslowerthancontrols. Factorsofinterest:Severityofdepression(i.e.HRSD)wasnegativelycorrelatedwith absoluterCMRgluinalmosttheentireextentoftherightcingulatecortex,and bilaterallyinPFC,insula,basalganglia,andtemporoparietalcortex(right>left).
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Authors)(date)
Participants:Type (N)

Method

Cognitivefunction(s)of interest:Task

Condusion(s)

Knott&Lapierre (1987)

Depressed(21)vs. Controls(21)

CorticalEPandintegrated electromyogram(EMG)
Psychomotorresponse: choicereactiontime(visual)
Functional:ComparedtocontrolspatientsexhibiteddelayedEMGlatenciesand attenuatedEPamplitudes. Behavioural:DepressedpatientswerefoundtoexhibitanoverallslowerRTthan controls,includingmeasuresofdecisiontime,movementtimeandtotaltime(i.e. decision+movementtime). Factorsofinterest:Nocorrelationbetweendepressionseverity(i.e.HRSD)andany

ofthebehaviouralorelectrophysiologicalmeasures.

Kumari,etal.,(2003)
Depressed(6)vs. Controls(6)

BOLDfMRI-blockdesign
Cognitivegenerationof affect-i.e.usingaffectively positiveandnegative picture-captionpairs
Functional:Comparedtocontrols,patientsshowedrelativelydecreasedresponsein theAC(rostral:right),withbothnegativeandpositivepicture-captionpairs,andin themedialfrontalgyrusandthehippocampus(leftinbothcases)withpositive picture-captionpairs.Increasedresponseinpatientswasseenintheinferior (right)andmiddle(left)temporalgyriwithnegativepicture-captionpairs,andin theparahippocampalgyrus(right),inferiorfrontalgyrus(left),subgenualcingulate gyrus(right),striatum(right),andbrainstem(left)withpositivepicture-caption pairs. Behavioural:Noeffectofgroup,andnogroupxvalenceinteractiononthepicture- captiontask.

Okada,etal.,(2003)
Depressed(10)vs. Controls(10)

BOLDfMRI-blockdesign
Verbalfluency

Functional:ActivationindepressedparticipantswasattenuatedintheleftPFC,and theyfailedtoshowsignificantactivationintheleftprefrontalcortex,suchaswas seeninthecontrols. Behavioural:Depressedpatientsweresignificantlyimpairedontheverbalfluency taskcomparedtocontrols
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Author(s)(date)
Participants:Type (N)

Method

Cognitivefunction(s)of interest:Task

Condusion(s)

Pelsoi,etal.,(2000)
Depressed(14)vs. Controls(14)

EEG

Workingmemory- Sternbergworkingmemory task

Functional:Patient'seventrelatedpotentialsdifferedsignificantlyfromcontrols. Pathologicalchangesweresimilarforvisualandauditorypresentation. Abnormalitiesweresuggestiveofabnormalsensory/perceptualprocessingin modality-specificassociationcortices,possiblyduetoafailureofselective attention,andofactivationofadditionalneuronalassembliesthanthosenormally participatinginthetask,whichmayreflecteithercompensatorymechanismsor dysfunctionofinhibitorysystems.Giventhatthechangesweresensitiveto memoryloadsuggeststhattheyreflectalterationsofmemory-relatedprocesses. Behavioural:Patientsmademoremistakesthancontrolsasmemoryloadwas increasedfromonetofivedigits.

Videbech,etal., (2003)

Depressed(41)vs. Controls(46)

PET-,5Oxygen

Verbalfluency

Functional::BothpatientsandcontrolsactivatedleftAC,leftDLPFC,leftmedial PFC,andrightcerebellumduringperformanceofthetask.However,therewere
nosignificantdifferencesinthepatternofactivationbetweenpatientsandcontrols. Behavioural:Depressedpatientsweresignificantlyimpairedontheverbalfluency taskcomparedtocontrols
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Appendix1E:Summaryofmetabolicfunctionalneuroimagingstudiesofworkingmemory Notes:1Unlessotherwisestatedallsamplesconsistedofadultparticipants;2fMRIinvestigationsonly;*-ThisstudyexaminedthereproducibilityoffMRIdataacrossfoursites. Twoparticipantgroupswereformedfortheanalyses,i.e.Group1=datafrom2participantsfromeachsite,N=8;Group2=datafrom5-8participantsfromeachsite,Nnot specified. Key:

normal-neurologicallynormal RH-righthanded
LH-lefthanded VWM-verbalworkingmemory SWM-spatialworkingmemory nVWM-non-verbalworkingmemory nSWM-non-spatialworkingmemory DMTS-delayedmatch-to-sample NS-notspecified

Author(s),date
Participants(N): Definition,male: female1

Imaging technique: analysismethod2
WMfunction:modality, Task

Keyfindings&regionsofinterest

Barchetal„1997
11:normal,RH,7:4
BOLDfMRI-block design

VWM:AX-CPT

IncreasedactivityintheDLPFCduringtaskconditionsthatplaceddemandonactive maintenancerelativetocontrolconditionsmatchedfordifficulty.Inaddition,thisactivitywas sustainedanddidnotincreaseovertheretentionintervalwhentaskdifficultywasmanipulated independently.TransientincreaseswerenotedintheACinresponsetoincreaseddifficultybut notWMdemands-i.e.evidenceofdoubledissociationbetweenregionsresponsivetoWMvs. taskdifficulty.
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Authors),date
Participants(N): Definition,male: female1

Imaging technique: analysismethod2
WMfunction:modality, Task

Keyfindings&regionsofinterest

Braveretal.,1997
2studies:(1)9: normal,RH,8:1 (2)8:normal,RH,6:2
BOLDfMRI-block design (2)whole-brain imaging

(1)VWM:visual,N-back(0--» 3-back) (2)sameparadigm,butshorter blockduration&fewertrials ofeachlevel

(1)Linearrelationshipwithmemoryloadnotedinthemiddlefrontalgyrus(MFG;BA46/9) bilaterally,theleftinferiorfrontalgyrus(LIFG;BA44/45),amoreanteriorleftinferiorsite(BA 47/10),andtheanteriorcingulategyrus(AC;BA32).However,plannedcomparisonsrevealed monotonicchangeinMFGandLIFGonly-i.e.alinearrelationshipbetweensignalandloadin bothregions.SimilarfindingsforanalysisofrelationshipbetweenRT(i.e.independent measureofmemoryload)andsignalchange.
(2)SamepatternofactivationtheMFG&LIFG.Alsoload-sensitiveactivityintheright homologueofLIFG(BA44),leftfrontaloperculum(insularcortex),andanumberofmotor, premotor,andsupplementarymotorregions(BA4&6).Nonfrontalactivityinbilateral posteriorparietalcortex(BA40/7)andleftcaudatenucleus

Callicottetal.,1999
9:normal,NS,6:3
BOLDfMRI-block design

SWM:visual,N-back(0-->3- back)

Increasedloadassociatedwithdeclinedaccuracy.Loadsensitiveresponsesinadistributed networkthatincludedDLPFC(BA9-10/44-46),premotorcortex(BA6/8),apericingulateregion coveringthemedialfrontalgyrus(supplementarymotorarea(SMA),medialBA6)andAC(BA 32),thebasalganglia&thalamus,andparietalcortex(BA7,39-40).Evidenceoflaterality,i.e. bilateralDLPFCactivation,greaterno.ofrightDLPFCfoci,andbothdorsal(BA9/46)and ventral(BA6/8)areas.LociinDLPFCevincedU-shapedresponsetolinearincreaseindifficulty.
Caseyetal.,1998
Normal*(NS)

BOLDfMRI-block design

SWM:visual,N-back(0-&2- back)

PerformanceoftheSWMtaskwasreliablyassociatedwithactivityintherightDLPFC&right superiorparietallobuleindataacrossallfoursitessampledinthisstudy.
Cohenetal.,1994
12:normal,RH,7:5
BOLDfMRI-block design

VWM:visual,DMTS

ReliableactivationinthemiddleandinferiorfrontalgyriinperformanceoftheWMtask relativetothecontroltask.Timecourseofincreasesanddecreasesinactivationwasconsistent withthetaskmanipulations.
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Author(s),date
Participants(N): Definition,male: female1

Imaging technique: analysismethod2
WMfunction:modality, Task

Keyfindings&regionsofinterest

Cohenetal.,1997
10:normal,NS,5:5
BOLDfMRI-block design

VWM:visual,N-back(0-3- back

Strongeffectoftimebutnotmemoryloadinvisual,motor,andsomatosensorycortex.Regions sensitivetomemoryloadincludedDLPFC,moreposteriorandinferiorregionsofPFC (includingBroca'sarea),andposteriorparietalcortex.ActivationinDLPFCassociatedwith loadbutnottime.SimilarpatternobservedinmoreposteriorregionsincludingBroca'sarea (BA44)andposteriorparietalcortex(BA40)-butinposteriorareastheyco-occurwithother regionsthatshowtimeandloadassociations.EffectofloadinPFCappearedasastepfunction, i.e.activationincreasedprimarilybetween1-&2-backconditions.
D'Espositoetal., 1998

16:normal,RH,10:6
BOLDfMRI-block design

VWM&SWM:N-back(0-&2- back)

SimilarlylocatedactivationinrightMFG(BA46)inbothspatialandnon-spatialtasks,i.e.no evidenceofdorsal/ventraldissociationinPFCfunctionassociatedwithWMsubtype.
D'Espositoetal., 1998

8:normal,RH,3:5
BOLDfMRI-block design

VWM&SWM:visual,N-back
(0-&2-back)

Workingmemorytasksresultedingreaterprefrontalactivationthananon-WMtask.Non-WM
taskcausedgreateractivationinthesameregionscomparedto'rest7condition.Concludedthat lateralprefrontalcortexsupportsprocessesinadditiontoWM.

Diwadkar,Carpenter &Just,2000

2studies:(1)18: normal,RH,NS (2)8:normal,RH,NS
BOLDfMRI-block design

(1)SWM:visual,DMTS.2 factorsofinterest,i.e.2Dvs. 3Dobjects&no.ofobjecttobe remembered(1vs.3). (2)Samevisualtaskas(1), plusauditorypresentationof stimuli.

(1)ActivationofDLPFCandparietalcortexvariedasafunctionofthenumberofobject locationstoberememberedandthedimensionalityoftheobject(s).Analysisofresponse characteristicsinindividualvoxelsrevealedthatalargeproportionwereactivatedonlyduring higherlevelofdemandofbothvariables.Asmallernumberwereactivatedspecificallyin responseintaskdemandassociatedwithaspecificvariable. (2)Sameeffectofdimensionalityintheparietalcortexwhenthemovementofobjectswas presentedauditorilyratherthanvisually-i.e.additionalrepresentationaldemandsinducedby
3Dspaceareindependentofinputmodality. Co-modulationofactivationinPFCandparietalcortexbythelevelofcomputationaldemandis indicativeofcollaborationbetweentheseregions,whichmayunderliethefunctionalityof SWM.
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Author(s),date
Participants(N): Definition,male: female1

Imaging technique: analysismethod2
WMfunction:modality, Task

Keyfindings&regionsofinterest

Glabusetal.,2003
39:normal,RH,22:17
BOLDfMRI-block design(using structuredequation modelling)

VWM:visual,N-back(0-&2- back)

Groupmodelconsistedprincipallyofregionsintheprefrontalandparietalcortices,with considerableinterindividualdifferences.HighperformersengagedaLHsub-network involvinginferiorparietallobuleandBroca'sarea.LowperformersutilisedaRHsub-network withinteractionsbetweeninferiorparietallobuleandDLPFC.Thusbetterperformanceappears
tobeassociatedwithengagingneuralsystemsassociatedwithverbalprocessing.Moreover, interactionbetweenparahippocampalgyrus&inferiorparietallobulerelatedtodifferent strategies.

Honey,Bullmore& Sharma,2000

20:normal,RH,all male

BOLDfMRI-block design

VWM:visual,N-back(0-&2- back)

PerformanceofN-backtaskactivatedadistributednetwork,includingDLPFC,inferiorfrontal gyrus,lateralpremotorcortex,andSMAinthefrontallobes.Also,majorfociofactivationin moreposteriorregions,includingregionsinbothparietalandoccipitoparietalcortex, precuneus,lingualandfusiformgyrioftheventraloccipitallobe,inferiortemporalgyrus,and cerebellum.Levelofactivationinbilateralposteriorparietalcortexwaspositivelycorrelated withRT.Thislatterfindingisconsistentwiththosestudiesthathaveidentifiedsimilarareasof parietalcortexasthesiteofthephonologicalstore.

Isoardietal.,1999
9:normal,NS,NS
150PET(EXACT HR+)

VWM:visual,N-back(0-3- back)

ActivatedbrainregionswereidentifiedinheDLPFC,bilaterally,thebilateralparietaland cerebellarcorticesandtheAC.ByvaryingthedoseleveloflsO(i.e.5,10&15mCi)thisstudy demonstratedthatpeakcountrateisapproachedataround15mCi,butthatrobustactivation mapscanbeobtainedwithaslittleas5mCi.
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Appendix 2A: Recruitment materials

1. Information sheet for medical staff: Experiments One & Two

2. Patient recruitment advertisement: Experiments One & Two

3. Control recruitment advertisement: Experiments One & Two

4. Information sheet for participants: Experiments One & Two

5. Consent from: Experiments One & Two

6. Information pack: Experiment Three

a. Exclusion criteria list

b. Information sheet for participants

c. Medication information sheet

d. Statement on compensation arrangements

e. Consent form

f. GP information sheet

g. Personal details form

7. GP Letter: Experiment Three



Emma Jane Rose
Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh

yg/>

EH10 5HF

Tel: 0131 537 6802 Fax: 0131 537 6106
Email: e.j.rose@sms.ed.ac.uk

Research project: Working Memory in Depression
Information sheet formedical staff

We are currently trying to recruit patients with major depression to take part in a study
looking at working memory deficits in depression and their underlying causes (the details of
which have already been presented to and reviewed by the Lothian Psychiatry/Clinical
Psychology Research Ethics Committee).

There are two phases to this study. In the pilot phase patients are asked to attention the
Royal Edinburgh to complete a number of behavioural, affective, and neuropsychological
tests, in order to assess the severity of depression and the level of cognitive impairment. In
the second experimental phase, we are asking patients to attend the Western General
Department of Clinical Neurosciences Unit, where they will be asked to complete a working
memory tasks while have a functional MRI can. Participation in either phase is expected to
take approximately 1 hours. We have already begun conducting the pilot study and it is
expected that the first experimental trials will run sometime between now and early next
year.

We are presently looking for a further 15 patients to participate in the pilot phase , and an
additional 10 patients to take part in the experimental trials. We are hoping to recruit patient
already receiving in- or out-patient care for depression, or those who have only recently been
referred to outpatient services. It is expected that patients who wish to participant will fulfil
the following inclusion criteria:

1. Aged between 18 and 50 years old
2. No history of head injury
3. No previous neural surgery
4. No history of diabetes, liver disease, heart attacks, strokes, or other major physical

illness
5. Not colour blind
6. Not currently pregnant
7. No recent alcohol or drug abuse
8. No ECT in the last six months
9. No change in medication within the last week (including changes in dose)
10. No history of psychotic symptoms

It is essential that we meet with patients prior to them taking part in order to discuss the
study and what would be expected of them. All patients who wish to participate in this study
will be provided with an information sheet a minimum of 48 hours prior to participation. They
will be advised to discuss participation with both their families and their physician. They will
also be advised that they are free to withdraw at any stage.

Any questions regarding participation, from both staff and patients, can be directed to either
Prof. Klaus Ebmeier or myself at the above address
Emma Jane Rose (Clinical supervisor: Prof. K. Ebmeier)
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Emma Jane Rose

Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh
EH10 5HF

Tel: 0131 537 6802 Fax: 0131 537 6106
Email: e.j.rose@sms.ed.ac.uk

Working Memory in Depression: an fMRI study
Patient Recruitment

Prof. Klaus Ebmeier and myself area currently conducting a study looking at cognitive and
functional brain deficits in major depression

We are looking for individuals with a diagnosis of major depression to take part in this study,
who meet the following criteria:

11. Aged between 18 and 50 years old
12. No history of head injury
13. No previous neural surgery
14. No history of major physical illness
15. No recent alcohol or drug abuse
16. No ECT in the last six months
17. No change in medication within the last week (including changes in dose)
18. No history of psychotic symptoms

This study is being conducted in two phases. The first involves completion of a couple of
assessments of mood, two short tests of attention, and a computerised working memory
task. The second phase involves completion of the memory task, while undergoing a
functional MRI scan. Participation in either phase is expected to last between 1 - 1 % hours.

All patients who wish to participate will be provided with an information sheet a minimum of
48 hours prior to taking part, and given the opportunity to ask any questions they may have
regarding participation.

If you are aware of any patients who may be suitable to participate, or have any questions
regarding the study, please contact either Prof. Ebmeier or myself. You can telephone me
internally on ext. 46802 or page me on 5682

Thank you

Emma Jane Rose
MRC PhD Student
Department of Psychiatry
(Clinical supervisor: Prof. K. Ebmeier)
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Emma Jane Rose
Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh
EH105HF

Tel: 0131 537 6802 Fax: 0131 537 6106
Email: e.j.rose@sms.ed.ac.uk

Working Memory in Depression: an fMRI study

Volunteers Needed

Prof. Klaus Ebmeier and myself area currently conducting a study looking at cognitive and
functional brain deficits in major depression and are currently in need of healthy volunteers
to participate as controls in this study.

The study is being conducted in two phase. The first involves completion of a couple of
questionnaires relating to mood, two short tests of attention, and a computerised working
memory task. The second phase involves completion of the working memory task while
undergoing a functional MRI scan.

19. Aged between 18 and 50 years old
20. No history of head injury
21. No previous neural surgery
22. No history of major physical illness
23. No history of mental health problems

If you, or anyone you know, meets the above criteria and would be interested in participating
the study please let me know. Similarly if you have any questions regarding the study
please feel free to contact me. I can be contact on the above number, or on the internal
exchange at the Royal Edinburgh Hospital on ext. 46802 or pager number 5682

Thank you

Emma Jane Rose
MRC PhD Student

Department of Psychiatry
(Clinical supervisor: Prof. K. Ebmeier)
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Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh
EH10 5HF

^/NB^
Tel & Fax: +44-131-537-6505

You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully and discuss it
with friends, relatives, and your GP if you wish. Ask us if there is anything that is not
clear of if you would like more information. Take time to decide whether or not you
wish to take part.
Consumers for Ethics in Research (CERES) publish a leaflet entitled 'Medical
Research and You'. This leaflet gives more information about medical research and
looks at some questions you may want to aask. A copy may be obtained from
CERES, PO Box 1365, London, N16 OBW.

Thank you for regarding this.

What is the purpose of this study?
People who are depressed often report that they have memory and attention difficulties in
everyday situations, particularly if it is necessary to keep track of some sorts of information
and ignore others. For example, holding in mind directions about a route whilst ignoring a
radio program. Only a small amount of research has been directed at understanding these
sorts of problems in depression.
Why have I been chosen?
You will either be one of 20 patients who have been in contact with the hospital or outpatient
clinic and have been diagnosed as suffering from a major depressive episode, or one of 20
healthy volunteers studied in the control group.
Do I have to take part?
It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep and be asked to sign a consent form. If you decide to
take part you are still free to withdraw at any time and without giving a reason. This will not
affect the standard of care you receive as a patient.
What will happen to me if I take part?
If you would like to be included in this study, you will be invited to the University Department
of Psychiatry at the Royal Edinburgh Hospital fro about an hour. In addition to having a go at
the memory task you will be asked to answer questions about your medical history and fill
out some short questionnaires about how you are feeling at the moment. In this study, we
would like to find out under what circumstances people with depression find it difficult to keep
track of information. To do this we will ask you to have a go at a computerised memory task
in which you be asked to keep in mind particular place on a computer screen and respond by
button pressing. We will adjust the difficulty of the task by varying how long you need to
keep this information in mind. The point of this study is to define the range of difficulty coped
with by depressed and not depressed people.

Working Memory in Depression
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Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh
EH105HF

Tel & Fax: +44-131-537-6505

What are the possible side effects, risks or disadvantages of taking part and what
happens if something goes wrong?
We do not anticipate that any harm could come to you as a result of participating, but if there
is a problem, the Lothian Primary Care Trust is responsible for negligent harm, while the
University of Edinburgh is insured against accidental injury.
What are the possible benefits of taking part?
Although we do not expect that any benefits will come to participants, it is hoped that your
participation will be of benefit to those suffering from depression in the future.
Will my taking part in the study be kept confidential?
All information that is collected about you during the course of the research will be kept
strictly confidential. Any information about you which leaves the hospital will have your name
and address removed so that you cannot be recognised from it.
What will happen to the results of the research study?
The results will be published in a form that makes it impossible to identify individuals.
Who is organising or funding the research?
This research is organised by the Department of Psychiatry, University of Edinburgh, funded
by the Scottish Higher Education Funding Council, and your doctor will not be paid for
including you in the study.
Who has reviewed this study?
This study has been reviewed by the Lothian Psychiatry/Clinical Psychology Research
Ethics Subcommittee.
Contact for further information:
K P Ebmeier, Professor of Psychiatry and Consultant Psychiatrist, Royal Edinburgh Hospital,
Tel: 0131-5376526

Independent advisor:
Dr D Cunningham Owens, Reader in Psychiatry, Department of Psychiatry, Kennedy Tower,
Royal Edinburgh Hospital (Tel: 0131-5376000)

Thank you for taking part in this study. You will be given a copy of this Information
Sheet and a signed Consent Form to keep.

2
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Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh
EH10 5HF

Tel & Fax: +44-131-537-6505

Consent form

Research Project: Working Memory in Depression

Researcher: Prof. Klaus Ebmeier

Participant identification number:

Please read each of the following statements and initial the corresponding box:

Initial box

I confirm that I have read and understood the information sheet for the above study
and had the opportunity to ask questions.

I understand that my participation is voluntary and that I am free to withdraw at any
time without giving a reason, without my future medical care or legal rights being
affected.

I understand that responsible persons from the University of Edinburgh and the
University of Strathclyde may examine sections of my medical notes.

I agree to take part in the above study.

L L
Name of patient Date Signature

L Z
Name of researcher Date Signature

3 copies to be made: 1 for patient; 1 for researcher; and 1 for hospital notes
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Division of Psychiatry
School of Molecular and

Clinical Medicine

University of Edinburgh
Kennedy Tower

Royal Edinburgh Hospital
Morningside Park

EDINBURGH

Escitalopram and working memory

In order to take part in this study you must meet the following criteria:

1. Aged 18 - 50 years

2. No history of psychiatric illness

3. No history of serious physical illness - e.g. heart attack, stroke, diabetes, liver
disease etc.

4. No previous serious head injury

5. Not colour blind

6. Not currently pregnant

7. No history of drug or alcohol addiction or serious abuse

8. No metallic implants e.g. pacemaker

9. Right-handed
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Division of Psychiatry
School of Molecular and

Clinical Medicine
University of Edinburgh

Kennedy Tower
Royal Edinburgh Hospital

Morningside Park
EDINBURGH

Information Sheet

Research Project: Escitalopram and working memory

Researchers: Prof K. Ebmeier and Emma Jane Rose

You are being invited to participate in the above research project. Before you decide
whether or not to take part it is important for to understand why the research is being done
and what it will involve. Please take the time to read the following information carefully, and
discuss it with other if you wish. Ask us if there is anything that is not clear or if you would
like more information. Take time to decide whether or not you wish to take part.

What is the purpose of the study?

When people are depressed they are often prescribed an anti-depressant medication. These
medications work on levels of two different neurotransmitters in the brain, i.e. serotonin and
noradrenalin, which are implicated in mood and attention. In healthy volunteers anti¬
depressant medications appear to affect attention and concentration. The purpose of this
study is to look at the effects that a selective serotonin reuptake inhibitor (SSRI), i.e.
escitalopram, has on the ability of healthy volunteers to perform certain short-term memory
and attention tasks.

Why have I been chosen?

You are one of a number of healthy individuals who have been approached to take part in
the study.

Do I have to take part?

Participation in the study is entirely voluntary. If you decide to take part in the study you are
still free to withdraw at any time, without giving a reason.

What will happen to me if I take part?

If you decide to take part in the study you will be invited to the University Department of
Psychiatry for an initial interview, where you will be asked some questions regarding your
medical history and fill out some questionnaires about your current mood. You will then be
allocated to one of two groups. Individuals in group one will be asked to complete a
computerised memory task, while undergoing a functional MRI scan. This type of scan
allows us to see which parts of the brain become active while you complete the task. These
individuals will then be asked to take 10mg of escitalopram/day for the next 7 days. After
this you will be invited back to complete the same memory task again in the scanner.
Individuals in group 2 will initially be prescribed 10mg escitalopram/day for 7 days; they will
then undergo a scan while completing the task. Individuals in this group will then be invited
to return for a second scan 7 days after they cease taking the medication. In addition after
taking the medication for 7 days a sample of you blood will be taken in order that we can
check the levels of the anti-depressant.
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You will also be asked to provide a blood sample on the day that you commence the
antidepressant treatment, and on the final day of the course of medication.

What are the possible side effects, risks or disadvantages of taking part, and what
happens if something goes wrong?

You may suffer some side effects while you are taking these drugs. We expect these to be
mild. In some individuals escitalopram can cause nausea, headache, dizziness, insomnia,
agitation, nervousness, constipation, diarrhoea, palpitation, dry mouth, sleepiness,
weakness, increased sweating or tremor. Some individuals also find that their concentration
is altered. Given this possibility we do not recommend that you take part if you are about to
undergo any important examinations. We expect that any side effects you may experience
will be mild and we do not expect that any harm could come to you as a result of taking part.
However, if there is a problem Lothian Primary Care Trust is responsible for negligent harm,
while the University of Edinburgh is insured against accidental injury. There will be an
available contact on the research team 24 hours a day 7 days a week if there are any
questions or problems. Your general practitioner will also be informed about your
participation and will be able to contact the research team if the study code needs to be
broken.

What are the possible benefits of taking part?

While we do not anticipate any direct benefits to the participants of this study, it is hoped that
your participation will be of benefit to those individuals suffering from depression.

Will my taking part in this study be kept confidential?

All information that is collected about you during the course of the research will be kept
strictly confidential. Any information about you which is collected will have your name and
address removed so that you cannot be recognised from it.

What will happen to the results of the research study?

The results of the study will be published in a form that makes it impossible to identify
individuals who took part in the project. After the study is completed your information will be
kept by the Department of Psychiatry and may be used again in the future for other research
projects.

Who is organising or funding the research?

This research is organised by the Department of Psychiatry, University of Edinburgh, and is
funded by the Scottish Higher Education Funding Council, and the Medical Research
Council.

Contact for further information:
Prof K. Ebmeier, Professor of Psychiatry and Consultant Psychiatrist, Royal Edinburgh
Hospital, Tel: 0131 537 6505
or

Ms Emma Jane Rose, MRC PhD Student, Department of Psychiatry, Royal Edinburgh
Hospital, Tel: 0131 537 6802

independent advisor:
Prof D Blackwood, Professor of Psychiatry, University of Edinburgh, Kennedy Tower, Royal
Edinburgh Hospital, Tel: 0131 537 6000

Thank you for taking the time to read this. If you decide to take part in this study you
will be given a copy of this information sheet and a signed consent form to keep.
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Division of Psychiatry
School of Molecular and

Clinical Medicine
University of Edinburgh

Kennedy Tower
Royal Edinburgh Hospital

Morningside Park
EDINBURGH

Medication Information Sheet

Research project: Escitalopram and working memory

Escitalopram is an antidepressant medication, which belongs to a class of drugs known as
selective serotonin reuptake inhibitors (SSRI's). As with all medications, escitalopram has a
number of reported potential side effects.

The following table indicates the percentage of patients with depression who experienced
the most common side effects associated with use of escitalopram, and how these figures
compared with individuals who where prescribed a placebo (i.e. a 'dummy' medication)

TABLE 1 - TREATMENT-EMERGENT ADVERSE EVENTS*
INCIDENCE IN PLACEBO-CONTROLLED CLINICALTRIALS

Body System/Adverse Event Percentage of Patients Reporting
Escitalopram (n=715) Placebo (n=592)

Dry Mouth 6% 5%

Nausea 15% 7%

Fatigue 5% 2%

Increased Sweating 5% 2%

Somnolence 6% 2%

insomina 9% 4%

Ejaculation disorder 9% <1%

(from www.lexapro.com. accessed 25/10/2002)
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Division of Psychiatry <t>A
School of Molecular and

NBClinical Medicine
University of Edinburgh

Kennedy Tower
Royal Edinburgh Hospital

Morningside Park
EDINBURGH

Statement on compensation arrangements

The University of Edinburgh holds a no-fault insurance clinical trials protection policy which
provides compensation to a research subject in respect of accidental injury arising out of a
clinical trial undertaken in the name of the university.
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Division of Psychiatry

ASchool of Molecular and
Clinical Medicine

University of Edinburgh
Kennedy Tower olRoyal Edinburgh Hospital

Morningside Park
EDINBURGH

Consent Form

%nb^"

Research Project: Escitalopram and working memory

Researchers: Prof. Klaus Ebmeier and Emma Jane Rose

Participant identification number:

I confirm that I have read and understood the information sheet for the above study
and had the opportunity to ask questions.

I understand that my participation is voluntary and that I am free to withdraw at any
time without giving any reason, without my future medical care or legal rights being
affected.

I agree for notice to be sent to my General Practitioner about my participation in this
study,

I agree to the provision of clinically significant information to my General Practitioner
about my participation in this study.

I understand that this is a non-therapeutic research project from which I cannot
expect to derive benefit.

I agree to take part in the above study.

Please tick box

□

□

□

□
□
□

.z.
Name of Patient Date

.Z.

Signature

z_
Name of researcher Date Signature

3 copies to be made: 1 for participant; 1 for researcher; 1 for GP
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Division of Psychiatry
School of Molecular and •Z:m

Clinical Medicine

University of Edinburgh
Kennedy Tower G1

Royal Edinburgh Hospital
Morningside Park

EDINBURGH

GP information

In order that we can forward appropriate information to your GP please complete the details
below. Thank you.

Your name:

Name of GP:

Surgery address:

Surgery Tel:
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Division of Psychiatry
School of Molecular and

Clinical Medicine

University of Edinburgh
Kennedy Tower

Royal Edinburgh Hospital
Morningside Park

EDINBURGH

Escitalopram and working memory

Please complete the following details and return it to me in the enclosed envelope, along
with the other forms (i.e. consent form, GP information and availability forms):

Your name:

Address:

Tel:

Email:
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Division of Psychiatry
School of Molecular and

Clinical Medicine
University of Edinburgh

Kennedy Tower
Royal Edinburgh Hospital

Morningside Park
EDINBURGH

EH10 5HF
Tel: 0131 537 6000

Dear Dr

RESEARCH PROJECT: The effect of escitalopram ori working memory in healthy
volunteers: A functional MRI Study

Your patient has agreed to take part in the above research project.
He/she will be asked to take 10 mg of escitalopram/day for 7 days. In addition he/she will be
asked to complete a working memory task while undergoing a functional MRI scan.
Participants will be scanned both on and off medication.

Your patient has already been screened for any history of psychiatric or serious medical
illness. However, if you feel that there is any reason why he/she should not participate in the
study please do not hesitate to contact us. Similarly, if at any point during the study you feel
that he/she should be withdrawn from participation please let us know.

With this letter I have enclosed a copy of the information sheet for this project and a copy of
your patients consent form.

If you have any queries please feel free to contact me.

Kind regards,

Emma Jane Rose

Clinical Supervisor: Professor Klaus Ebmeier.
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Appendix 2B: Pre-test materials

1. Medical history questionnaire: Patients

2. Medical history questionnaire: Controls

3. Patient information sheet

4. Pre-scan questionnaire
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Medical History: Patients

Please complete the following questionnaire by either filling in the boxes, or, where required,
by ticking the appropriate box. Please be careful to answer all questions, and to answer
each question truthfully. All information obtained will be treated confidentially.

Name:

Date of Birth:

Sex: Female EH Male j 1
Occupation:

1. Have you ever suffered from any of the following conditions (please tick):

Diabetes

Liver disease

Heart attack

Stroke

Any other major physical illness
(If yes, which illness

□
□
□
□
□

2. Have you ever suffered a head injury (even mild)?

Yes No

3. Have you ever had any form of neural surgery?

Yes □ No Q
4. Are you colour blind?

Yes EH No EH
5. Are you currently pregnant?

Yes □ NO □
6. How many units of alcohol have you consumed in the last week?

(Note: 1 unit = 125ml glass of wine, 25ml measure of normal strength spirit, or 1/2 pint of
normal strength lager, beer or cider)

Does this indicate an average/normal week for you (i.e. your average consumption per week
over the last three months)?

Yes EH No EH
If no, how many units would you consume in an average/normal week?
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7. Are you currently taking any prescription medication?

Yes Q No EZ1 Medication/Dose

If yes, are you taking this medication in accordance with your doctor's orders?

Yes No Q
If no, describe

8. How long has it been since you were first diagnosed as suffering from depression?

9. Have you ever received ECT as part of your treatment for depression

Yes □ No□ Time since last ECT treatment:

10. Are you left or right handed?



Medical History: Controls

Please complete the following questionnaire by either filling in the boxes, or, where required,
by ticking the appropriate box. Please be careful to answer all questions, and to answer
each question truthfully. All information obtained will be treated confidentially.

Name:

Date of Birth:

Sex: Female Q Male □
Occupation:

1. Have you ever suffered from any of the following conditions (please tick)?:

Diabetes j

Liver disease [J
Heart attack j j
Stroke ED
Any other major physical illness □
(If yes, which illness

2. Have you ever suffered a head injury (even mild)?

Yes QJ No Q
3. Have you ever had any form of neural surgery?

Yes □ No □
4. Are you colour blind?

Yes □ No □
5. Are you currently pregnant?

Yes No Q
6. How many units of alcohol have you consumed in the last week?

(Note: 1 unit = 125ml glass of wine, 25ml measure of normal strength spirit, or 14 pint of
normal strength lager, beer or cider)

Does this indicate an average/normal week for you (i.e. your average consumption per week
over the last three months)?

Yes Q No j_j
If no, how many units would you consume in an average/normal week?
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7. Are you currently taking any prescription medication?

Yes Q No Q
If yes, are you taking this medication in accordance with your doctor's orders?

Yes Q No j^J
If no, describe

8. Have you ever been diagnosed as suffering from any psychiatric illness?

Yes Q No Q

9. Are you left or right handed?
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Department of Psychiatry
Kennedy Tower
Royal Edinburgh Hospital
Morningside Park
Edinburgh
EH10 5HF

Tel & Fax: +44-131-537-6505
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Patient Information Sheet

Patient Identification Number:

Name of person providing information:

Date:

1. How long has it been since the patient was first diagnosed as suffering from major

depression?

2. Has the patient ever been diagnosed as suffering from any psychotic symptoms?

Yes □ Non
3. Has the patient ever been diagnosed are suffering from drug and/or alcohol abuse?

Yes I I No I I
4. Is the patient currently prescribed any medication?

Yes □ No□ Medication/Dose: .

5. Has the patient ever received ECT as a treatment for their depression?

Yes □ Noll]
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Working Memory in Depression: Pre-scan Questionnaire

Participant Code:

Scan code:

Date:

Yes No

1. Do you suffer from any heart disease or rhythm disorder? □ □

2. Have you had recent surgery of any type (within the last six □ □

months)?
3. Have you had any operations to your head (e.g. vascular □ □

clips, a cochlear implant, or a shunt)?
4. Have you ever had any metal fragments (e.g. shrapnel) in □ □

any part of your body?
5. Have you ever had any metal fragments in your eyes? □ □

6. Do you now, or have you ever worked with metal and had an □ □

injury which required medical attention?
7. Could you be pregnant? □ □

8. Have you had any metal implants (e.g. joint replacement, □ □

Harrington rods etc.)?
9. Do you wear dentures, a dental plate, a brace, contact □ □

lenses, or a hearing aid?
10. Do you suffer from diabetes or epilepsy? □ □

11. Do you have an IUCD or sterilisation clips? □ □

12. Do you have any metallic implants or foreign metallic objects □ □

in your body other than those mentioned above?

LXV



Appendix 2C: Affective assessments

1. Beck Depression Inventory

2. Stress Arousal Checklist

3. Alderley Park State Anxiety Questionnaire



Beck Depression Inventory

ID DATE TIME (AM/PM)

1. 0 I do not feel sad
1 I feel sad
2 I am sad all the time and I can't snap out of it
3 I am so sad or unhappy that I can't stand it

2 0 I am not particularly discouraged about the future
1 I feel discouraged about the future
2 I feel I have nothing to look forward to
3 I feel that the future is hopeless and that things cannot improve

3 0 I do not feel like a failure
1 I feel I have failed more than the average person
2 As I look back on my life all I can see is a lot of failures
3 I feel I am a complete failure as a person

4 0 I get as much satisfaction out of things as I used to
1 I don't enjoy things the way I used to
2 I don't get real satisfaction out of anything anymore
3 I am dissatisfied or bored with everything

5 0 I don't feel particularly guilty
1 I feel guilty a good part of the time
2 I feel guilty most of the time
3 I feel guilty all of the time

6 0 I don't feel I am being punished
1 I feel I may be punished
2 I expect to be punished
3 I feel I am being punished

7 0 I don't feel disappointed in myself
1 I am disappointed in myself
2 I am disgusted with myself
3 I hate myself

8 0 I don't feel I am any worse than anybody else
1 I am critical of myself for my weakness' or mistakes
2 I blame myself all the time for my faults
3 I blame myself for everything bad that happens

9 0 I don't have any thoughts of killing myself
1 I have thoughts of killing myself but would not carry them out
2 I would like to kill myself
3 I would kill myself if I had the chance

10 0 I don't cry anymore than usual
1 I cry more now than I used to
2 I cry all the time now
3 I used to be able to cry, but now I cant cry even though I want to
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1
2
3

0
1
2
3
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1
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3
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3

0
1
2
3

0
1
2
3

0
1

2
3

0
1
2
3

am no more irritated now than I ever am

get annoyed or irritated more easily than I used to
feel irritated all the time now

don't get irritated at all by the things that used to irritate me

have not lost interest in other people
am less interested in other people than I used to be
have lost most of my interest in other people
have lost all of my interest in other people

make decisions as well as I ever could
put off making decisions more than I used to
have greater difficulty in making decisions than I used to
can't make decisions at all anymore

don't feel I look any worse than I used to
am worried that I look old or unattractive
feel that there are permanent changes in my appearance that make me look

unattractive
believe that I look ugly

can work about as well as before
t takes extra effort to get started at doing something
have to push myself very hard to do anything
can't do any work at all

can sleep as well as usual
don't sleep as well as usual
wake up 1 - 2 hours earlier than usual and find it hard to get back to sleep
wake up several hours earlier than I used to and cannot get back to sleep

don't get more tired than usual
get tired more easily than I used to
get tired from doing almost anything
am too tired to do anything

My appetite is no worse than usual
My appetite is not as good as it used to be
My appetite is much worse now
I have no appetite at all anymore

I haven't lost much weight, if any, lately
I have lost more than 5 pounds
I have lost more than 10 pounds
I have lost more than 15 pounds
I am purposely trying to lose weight by eating less Yes No

I am no more worried about my health than usual
I am worried about physical problems such as aches and pains, or upset stomach
or constipation
I am very worried about physical problems and it is hard to think of much else
I am so worried about my physical problems that I cannot think of anything else

I have not noticed any change in my interest in sex
I am less interested in sex than I used to be
I am much less interested in sex now

I have lost interest in sex completely
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Stress Arousal Checklist

Name:

DEVELOPED BY
MACKAY, COX, LAZZERINI, AND BURROWS (1978)

REVISED BY COX AND MACKAY (1985)
MANUAL BY GOTTS AND COX (1987)

INSTRUCTIONS

The adjectives below describe different feelings and moods. Please use this list to describe
your feelings at this moment in time.

If the adjective definitely describes yours feelings circle the:

©+?"
If the adjective more or less describes your feelings circle the:

++©?"
If you do not understand the adjective, or you cannot decide
whether it describes how you feel circle the:

♦♦♦0-
If the adjective does not describe how you feel circle the:

"*?Q
Your first reactions will be the most reliable, therefore do not spend you too
long thinking about each adjective. Please be as honest and accurate as
possible.

Tense
Relaxed
Restful
Active
Apprehensive
Worried

Energetic
Drowsy
Bothered
Uneasy
Dejected
Nervous
Distressed

Vigorous
Peaceful

++ + ? Tired ++ + ?

++ + ? Idle ++ + ?

++ + ? Up tight ++ + ?
++ + ? Alert ++ + ?
++ + 9 Lively ++ + ?
++ + ? Cheerful ++ + ?
++ + ? Contented ++ + ?
++ + ? Jittery ++ + ?
++ + ? Sluggish ++ + ?
++ + ? Pleasant ++ + ?
++ + ? Sleepy ++ + ?
++ + ? Comfortable ++ + ?
++ + ? Calm ++ + ?

++ + ? Stimulated ++ + 9

++ + ? Activated ++ + ?
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The Alderley Park State Anxiety Questionnaire (APSAQ)

Name:

Below are 12 statements
Please indicate to what extent each statement applies to you NOW.
For example, if at this moment you feel you can cope 'moderately' well please tick the
column marked 'MODERATELY'

It is important to answer ALL 12 questions

Please tick one box only for each statement

Not at all Slightly Moderately Considerably Extremely

1. I feel I can cope

2. I am worried

3. I feel calm

4. I feel afraid

□ □ □ □ □

□ □ □ □ □

□ □ □ □ □

□ □ □ □ □

5. I want to escape □ □ □ □ □
from here

6. My body feels □ □ □ □ □
relaxed

7. My heart is beating □ □ □ □ □
faster

8. I can breathe freely □ □ □ □ □

9. I have butterfliesin
□ □ □ □ □

my stomach
10. I feel sweaty □ □ □ □ □

11. I can think clearly □ □ □ □ □

12. My mind is racing □ □ □ □ □
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Appendix 2D: Cognitive assessments

1. National Adult Reading Test

2. Rey Auditory Verbal Learning Test

a. Form 1

b. Recognition List: Form 1

c. Form 2

d. Recognition List: Form 2



NATIONAL ADULT READING TEST: WORD LIST

CHORD SUPERFLUOUS

ACHE SIMILE

DEPOT BANAL

AISLE QUADRUPED

BOUQUET CELLIST

PSALM FAQADE

CAPON ZEALOT

DENY DRACHM

NAUSEA AEON

DEBT PLACEBO

COURTEOUS ABSTEMIOUS

RAREFY DETENTE

EQUIVOCAL IDYLL

NAIVE PUERPERAL

CATACOMB AVER

GOALED GAUCHE

THYME TOPIARY

HEIR LEVIATHAN

RADIX BEATIFY

ASSIGNATE PRELATE

HIATUS SIDEREAL

SUBTLE DEMESNE

PROCREATE SYNCOPE

GIST LABILE

GOUGE CAMPANILE



The Auditory-Verbal Learning Test (AVLT Form 1)

Research Number

Participant Number Date

Word
List A

I II III IV V Word
List B

Recall VI Recog.

Violin Orange
Tree Table
Scarf Toad
Ham Corn
Suitcase Bus
Cousin Chin
Earth Beach
Stairs Soap
Dog Hotel
Banana Donkey
Town Spider
Radio Money
Hunter Book
Bucket Soldier
Field Padlock

Error
Words

Total

Total = recall order
R = Repeated recall
RC = s corrects themselves
RQ = s unsure of item
E = error

EC = error (confabulation)
EA = error (association)
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SCARF

LEAF

STAIRS

FROG

TABLE

BANANA

HOSPITAL

SUITCASE

PEEL

BOOK

BLANKET

PADLOCK

EARTH

TELEVISION

ROCK

TOAD

CHIN

HAM

PIANO

FIELD

SOAP

TREE

CITY

HUNTER

ORANGE

MONEY

DOCTOR

SOLDIER

RADIO

CHEST

DONKEY

PEAR

COUSIN

GRASS

DOG

GLOVES

HOTEL

BUCKET

SOFA

TOWN

BEACH

CORK

CORN

LUNCHBOX

BUS

TRAIN

UNCLE

VIOLIN

STARS

SPIDER
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The Auditory-Verbal Learning Test (AVLT Form 2)

Research Number

Participant Number Date

Word
List A

1 II III IV V Word
List B

Recall VI Recog.

Doll Dish
Mirror Jester
Nail Hill
Sailor Coat
Heart Tool
Desert Forest
Face Perfume
Letter Ladder
Bed Girl
Machine Foot
Milk Shield
Helmet Pie
Music Insect
Horse Ball
Road Car

Error
Words

Total

Total = recall order
R = Repeated recall
RC = s corrects themselves
RQ = s unsure of item
E = error

EC = error (confabulation)
EA = error (association)
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NAIL

STALL

BED

ENGINE

JESTER

MILK

SOOT

HEART

SILK

INSECT

SCREW

CAR

FACE

ARMOUR

HEAD

HILL

FOREST

SAILOR

PONY

ROAD

LADDER

MIRROR

ENVELOPE

MUSIC

DISH

PIE

SONG

BALL

HELMET

POOL

FOOT

BREAD

DESERT

STREET

MACHINE

JAIL

GIRL

HORSE

JOKER

LETTER

PERFUME

PLATE

COAT

SAND

TOOL

FLY

DART

DOLL

CAPTAIN

SHIELD
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Appendix3:Functionalimaging resultstables
Keytoresultstables: LH:lefthemisphere RH:righthemisphere LH/RHinterhemispheric BA:Brodmannarea Ke:clustersize(i.e.numberofvoxels,whereeachvoxel=

8mm3)



Appendix3A:ExperimentTwo:Blockdesignsignificantactivations(randomeffects) Group- comparison
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ClusterCo-ordinates
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Group- comparison
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(p(corrected))
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Group- comparison
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(p (corrected))
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0.001

44-1-23

RH

21

Middletemporalgyrus
227
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Group- comparison
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Group- comparison
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Group- comparison
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Group- comparison
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Activation effect
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0.002

42-6-11

RH

43

Insula

72
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Group-

Contrast
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Group- comparison
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Activation effect
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Significance
(p (corrected))
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<0.001

24-78-5

RH

18

Lingualgyrus

78
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<0.001

-26-52-29

LH

Pyramis/Declive

229
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Group- comparison
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Significance
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Appendix3B:Experimenttwo:Eventrelatedsignificantactivations(randomeffects) Group comparison
Contrast
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Significance
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Group comparison
Contrast

Activation effect
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Significance
!p (corrected))
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Group comparison
Contrast
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Clusterco¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p(corrected))
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Group comparison
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(p(corrected))
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268

<0.001

-431123

LH

46

Inferiorfrontalgyrus

164

<0.001

-35616

LH

10

Middlefrontalgyrus

77

0.014

42-58-23

RH

Tuber/culmen

103

0.002

46-4226

RH

40

Inferiorparietallobule/superior temporalgyrus

68

0.027

12-14-15

RH

Thalamus

132

<0.001

2054-15

RH

6

Superiorfrontalgyrus

73

0.018

-453130

LH

9

Middlefrontalgyrus

65

0.033

Controls- within group

Increase

Decrease

-1-5223 40-7-2

LH
RH

23 43

Posteriorcingulate Insula

1624 1032

<0.001 <0.001

45114

LH/RH

9/6

Medialandsuperiorfrontalgyri
2695

<0.001

-25-12-20

LH

20

Parahippocampalandfusiform
221

<0.001
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Group

Contrast

Activation

Clusterco¬

Hemisphere

BA

Locationdescription

KE

Significance

comparison

effect

ordinates

(p(corrected))

(xyz)

gyn

380

<0.001

0-2440

LH/RH

5

Paracentrallobule

202

<0.001

553-24

RH

21

Middletemporalgyrus
122

0.001

26 -38-7

RH

20

Parahippocampalandfusiform gyrf

108

0.002

-25-44-9

LH

37

Parahippocampalgyrus
86

0.007

-458-28

LH

21

Middletemporalgyrus
132

<0.001

-27-17-10

LH

40

Superiortemporalgyrus
181

<0.001

-49-6531

LH

39

Angulargyrus

149

<0.001

-59-6

LH

25/24

Caudateandanteriorcingulate
161

<0.001

-432-34

LH

21

Middletemporalgyrus
59

*0.052

50-5827

RH

41

Superiortemporalgyrus
63

0.039

-35-208

LH

43

Insula

Patients-

0correct

Increase

-7155

LH

6

Medialfrontalgyrus

71

0.004

within group

-31-1560

LH

6

Precentralgyrus

57

0.023

22-52-18

RH

Culmen

87

0.001

Patients-

0correct

Decrease

-49-36-9

LH

Temporallobe-sub-gyral
51

0.028

within group

-52-533

LH

21

Middletemporalgyrus
73

0.003

Patients-

1correct

Increase

-27-161

LH

Putamenandglobuspallidus
63

0.007

within group

-7155

LH

6

Medialandsuperiorfrontalgyri
98

<0.001



Group comparison
Contrast

Activation effect

Clusterco¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

KE

Significance
(p(corrected))

-31-1762 26 -47-22

LH
RH

6

Precentralandmiddlefrontal gyrf Culmen

94 101

<0.001 <0.001

Patients- within group

1correct

Decrease

-52-535 14-555

LH
RH

21 30

Middletemporalgyrus Cuneus

109 83

<0.001 0.001

-7-4634

LH

31

Precuneusandcingulategyrus
52

0.022

42-39-12

RH

20

Fusiformgyrus

51

0.025

14-8324

RH

30

Cuneus

54

0.018

Patients- within group

2correct

Increase

22 -52-18 32557

RH RH

9

Culmen Middlefrontalgyrus

59
74

0.012 0.003

-31-1760

LH

6

Precentralgyrus

57

0.015

Patients- within group

2correct

Decrease

-11-3637 -5-770

LH LH

31
18

Cingulategyrus Lingualgyrus

266 62

<0.001 0.009

-46-36-9

LH

Temporallobe-subgyral
71

0.004

-9-5712

LH

23/30

Posteriorcingulate

110

<0.001

14-8324

RH

18

Cuneus

157

<0.001

-52-535

LH

21

Middletemporalgyrus
150

<0.001

-50-23-13

LH

21

Middletemporalgyrus
61

0.010

8-5219

RH

23

Posteriorcingulate

49

0.033

14-511

RH

18/19

Lingualgyrus

81

0.002

XCIII



Group comparison
Contrast

Activation effect

Clusterco¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p (corrected))

-29-34-1

LH

37

Parahippocampalgyrus
52

0.024

048-6 -13-9121

LH LH

24/11 30

Anteriorcingulateandmedial frontalgyrus Cuneus

66 45

0.006 0.050

Patients- within group

3correct

Increase

-27-163 -37-3841 22-52-18

LH LH

RH

6

Putamen Inferiorparietallobuleand precentralgyrus Culmen

197 404 136

<0.001 <0.001 <0.001

32157 6555

RH RH

6 6

Middlefrontalandprecentral gyri Superiorandmedialfrontalgyri
204 168

<0.001 <0.001

-39-70-22

LH

Declive

59

0.007

-21-5347 38181

LH RH

7
43

Precuneusandsuperiorparietal lobule Insula

52 86

0.016 0.001

Patients- within group

3correct

Decrease

-5-770 -13-4628

LH LH

18 7

Lingualgyrus Cingulategyrusandprecuneus
94 251

<0.001 <0.001

-25-32-2

LH

Temporallobe-sub-gyral
106

<0.001

10-3726

RH

31

Cingulategyrus

48

0.024

14-511

RH

18

Lingualgyrus

757

<0.001

-47-38-4

LH

21

Middletemporalgyrus
241

<0.001

-35112

LH/RH

10

Medialfrontalgyrus

69

0.003
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Group comparison
Contrast

Activation effect

Clusterco¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p(corrected))

22-82-20

RH

Declive/Tuber

61

0.006

0-3642

LH/RH

5

Paracentralgyrus

242

<0.001

-43-6227

LH

39

Middletemporalgyrus
84

0.001

0336

LH/RH

32

Anteriorcingulate

78

0.001

-11-9321

LH

19

Cuneus

68

0.003

-23-7418

LH

31

Precuneus

42

0.048

36-38-5

RH

Temporallobe-subgyral
98

<0.001

16-8532

RH

18

Cuneus

135

<0.001

-52-23-13

LH

21

Middleandinferiortemporal
44

0.038

-60-536

LH

21

gyrf Middletemporalgyrus
46

0.031

Increase

Increase

34210

RH

43

Insula

124

<0.001

26557

RH

Frontallobe-subgyral
368

<0.001

36-7129

RH

19

Middletemporalgyrusand
436

<0.001

-43635

LH

9/6

precuneus Precentralandmiddlefrontal
366

<0.001

-47-4356

LH

40

gyrf Inferiorparietallobule
861

<0.001

404311

RH

6

Middlefrontalgyrus

255

<0.001

-29-68-17

LH

Declive/tuber

228

<0.001



Group comparison
Contrast

Activation effect

Clusterco¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p [nmctid))

55-4037
-3-5953 41645

RH
LH

RH

40 7 6/8

Supramarginalgyrusand inferiorparietallobule Precuneusandpostcentral gyrus Medialfrontalgyrus

239 192 293

<0.001 <0.001 <0.001

Patients- within group

Increase

Decrease

85716 59 -9-14

RH RH

10 21

Medialfrontalgyrus Middletemporalgyrus
1336 145

<0.001 <0.001

-3-3646 -47-6935 61-426

LH LH
RH

7/6/5 39 6

Precuneus,medialfrontal gyrus,andparacentrallobule Angulargyrusandmiddle temporalgyrus Precentralgyrus

2514 99 70

<0.001 0.003 0.021

-113252

LH

8

Superiorfrontalgyrus

451

<0.001

-159-13 -15-61-4

LH LH

25/44 19

Inferiorfrontalandsubcallosal gyri Lingualgyrus

63
83

0.036 0.008

-39-7-2

LH

21

Middletemporalgyrus
196

<0.001

14-480

RH

19

Lingualgyrus

66

0.029

53-382

RH

21

Middletemporalgyrus
59

0.049

10-6020

RH

19

Precuneusandcuneus
159

<0.001

22-84-23

RH

Uvula

74

0.016

-27-39-16

LH

Culmen

201

<0.001

40-225

RH

43

Insulaandprecentralgyrus
322

<0.001
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Appendix3C:ExperimentThree:Significantfixedeffectsactivations Contrast:Session
Activationeffect

ClusterCo¬ ordinates
(xyz)

Hemisphere

Regions (BA)

Locationdescription

KE

Significance
(p (corrected))

Increase:Both

Medicationfree>post-medication
38-6748 -19412

RH
LH

24

Sub-gyral,whitematter Anteriorcingulate/medial frontalgyrus

969 280

<0.001 0.008

Increase:First

Medicationfree>post-medication
34-5832 -7-7344

RH LH/RH

7

Sub-gyral,whitematter Precuneus

700 407

<0.001 0.001

Increase:Second
Medicationfree>post-medication

-21410

LH

11

Middlefrontalgyrus

232

0.020

Decrease:Both

Medicationfree<post-medication
515-6 -45-736 10-69-9

RH
LH

RH

42 19

Superiortemporalgyrus Middleoccipitalgyrus Cerebellum:culmen&declive
442 195 212

0.001 0.040 0.029

Decrease:First

Medicationfree<post-medication
-4918-20 57-1-1

-3-3961

LH
RH

LH

38&21 42 5

Superiorandinferiortemporal gyn Superiortemporalgyrus Paracentrallobuleand precuneus

1110 180 198

<0.001 0.053* 0.037

XCVII



Appendix3D:ExperimentThree:Significantrandomeffectsactivations Group Comparison

Contrast

Activation Effect

ClusterCo¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p(corrected))

Medicationfree- withingroup

0vs.1

0<1

2-858 26053

LH/RH RH

6 6

Medialfrontalgyrus Frontallobe-sub-gyral
686 200

<0.001 0.001

44-4952

RH

40

Inferiorparietallobule

257

<0.001

-43-3753

LH

40

Inferiorparietallobuleandpre- andpost-centralgyri

620

<0.001

Medicationfree- withingroup

0vs.2

0>2

18-9116 24 -595

LH/RH RH

18 18

Middleoccipitalgyrus Lingualgyrus

441 264

<0.001 0.002

-9-591

LH

19

Lingualgyrus

125

*0.058

Medicationfree- withingroup

0vs.2

0<2

24152 36-5545

RH RH

6 40

Middlefrontalgyrus Inferiorparietallobule

435 1023

<0.001 <0.001

-25-4839

LH

40

Inferiorparietallobule

425

<0.001

81643

LH/RH

6

Medialfrontalgyrus

180

0.013

Medicationfree- withingroup

0vs.3

0>3

85923
18-62-6

LH/RH RH

9/10 18

Superiorandmedialfrontalgyrus Lingualgyrus

1148 135

<0.001 0.006

-193250

LH

8

Superiorfrontalgyrus

171

0.001

-3-3835

LH

31

Cingulategyrusandprecuneus
290

<0.001

18-8925

LH/RH

18/19

Cuneus

202

<0.001

-1-2038

LH

31

Cingulategyrus

146

0.004

XCVIII



Group Comparison

Contrast

Activation Effect

ClusterCo¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p(corrected))

-49-6627

LH

21

Middletemporalgyrus

155

0.003

-29-21-11

LH

35

Parahippocampalgyrus
114

0.014

Medicationfree- withingroup

0vs.3

0<3

2853 51920

LH/RH RH

6 9

Superiorandmiddlefrontalgyri Inferiorfrontalgyrus

3077 199

<0.001 <0.001

424914

KH

46/10

Middlefrontalgyrus

938

<0.001

-29-5658

LH

7

Superiorparietallobule

4663

<0.001

40185

RH

43

Insula

349

<0.001

8-27-14

LH/RH

Midbrain

144

0.004

10-56-11

RH

Declive/culmen

599

<0.001

-33-68-24

LH

Uvula/oilmen

116

0.013

-9-17-1

LH

Globuspallidus

114

0.014

-35181

LH

43

Insula

198

<0.001

16100

RH

Putamenandglobuspallidus
185

0.001

18-1414

RH

Ventrallateralnucleus

234

<0.001

Medicationfree- withingroup

1vs.2

1>2

12-635 -23-50-2

RH
LH

18 18/37

Lingualgyrus Lingualandparahippocampalgyri
724 1010

<0.001 <0.001

0-866

LH/RH

18

Cuneus

209

<0.001

55-2520

RH

40

Postcentralgyrus

206

<0.001

XCIX



Group Comparison

Contrast

Activation Effect

ClusterCo¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p (comctedl)

46-151

RH

41

Superiortemporalgyrus
285

<0.001

-155032

LH

9

Superiorfrontalgyrus

87

0.033

Medicationfree- withingroup

1vs.2

1<2

28150 46-3842

RH RH

6 40

Middlefrontalgyrus Inferiorparietallobule

280 112

<0.001 0.010

30-5538

RH

7

Superiorparietallobuleand precuneus

325

<0.001

Medicationfree- withingroup

1vs.3

1>3

-60-3318 -19-23-15

LH LH

42 30

Superiortemporalgyrus Parahippocampalgyrusand posteriorcingulate

209 926

<0.001 <0.001

10-56-3

RH

18

Lingualgyrus

434

<0.001

4-1843

LH/RH

31

Cingulategyrus

822

<0.001

86319

LH/RH

10/6

Superiorfrontalgyrus

1196

<0.001

-47-6427

LH

21

Middletemporalandangulargyri
195

0.001

-5-7922

LH

18

Cuneus

208

<0.001

32 -29-13

RH

35

Parahippocampalgyrus

218

<0.001

50-111

RH

22/38

Superiorandmiddletemporalgyri
956

<0.001

26-2966

RH

3

Postcentralgyrus

124

0.011

-50-130

LH

22/38

Superiorandmiddletemporalgyri
302

<0.001

-9-969

LH

18

Cuneus

87

*0.054

c



Group

Contrast

Activation

ClusterCo¬

Hemisphere

BA

Locationdescription

Ke

Significance

Comparison

Effect

ordinates

(p (corrected))

(xyz) -1-3633

LH

31

Cingulategyrus

137

0.006

250-13

LH/RH

32

Anteriorcingulateandmiddle
113

0.017

frontalgyrus

Medicationfree-
1vs.3

1<3

384226

RH

10/9

Middleandsuperiorfrontalgyri
251

<0.001

withingroup

22-7057

RH

7

Precuneus

594

<0.001

26553

RH

6

Middlefrontalgyrus

390

<0.001

21255

LH/RH

6/8

Superiorandmedialfrontalgyri
174

0.002

46-4150

RH

40

Inferiorparietallobule

105

0.024

Medicationfree-
Increase

Increase

24250

RH

6

Middlefrontalgyrus

728

<0.001

withingroup

444914

RH

46

Middleandsuperiorfrontalgyri
583

<0.001

0355

LH/RH

8

Superiorfrontalgyrus

622

<0.001

-17-6657

LH

7/40

Superiorandinferiorparietal
3064

<0.001

lobule

-25-650

LH

6

118

0.013

Middlefrontalgyrus

28 -61-28

RH

189

0.001

Pyramis

Medicationfree-
Increase

Decrease

18-62-6

LH/RH

18

Lingualgyrus

2835

<0.001

withingroup

18-9316

LH/RH

18

Middleoccipitalgyrusandcuneus
859

<0.001

40-19-1

RH

35/38

Parahippocampalandsuperior
1057

<0.001

temporalgyri

-49-6536

LH

39/21

Angularandmiddletemporalgyri
206

<0.001

-4525-10

LH

11

Middleandinferiorfrontalgyri
92

0.040

CI



Group

Contrast

Activation

ClusterCo¬

Hemisphere

BA

Locationdescription

Ke

Significance

Comparison

Effect

ordinates

(p (corrected))

(xyz) 26-2760

RH

4

Precentralandpostcentralgyri
142

0.005

-37-20-1

LH

22/21

Claustrumandsuperiortemporal
498

<0.001

gyrus

-14914

LH/RH

6

910

<0.001

Medialfrontalgyrus

-174834

LH

8

478

<0.001

Superiorfrontalgyrus

-136312

LH

8

102

0.026

Superiorfrontalgyrus

2-48-3

RH

122

0.011

Culmen

Post-medication-
0vs.2

0>2

-192854

LH

6

Superiorfrontalgyrus

144

0.013

withingroup Post-medication-
0vs.2

0<2

53-4150

RH

40/7/39

Inferiorparietallobuleand
750

<0.001

withingroup

angulargyrus

281160

RH

6

226

0.001

Middlefrontalgyrus

-25-4839

LH

40

236

0.001

Inferiorparietallobule

403137

RH

9

124

0.027

Middleandsuperiorfrontalgyri

Post-medication-
0vs.3

0>3

-50-6427

LH

39

Middletemporalandangulargyri
188

<0.001

withingroup

06310

LH/RH

32

Anteriorcingulateandmedial
311

<0.001

frontalgyrus

-5-56-25

LH

31

719

<0.001

Posteriorcingulate

-115238

LH

9/10

197

<0.001

Medialandsuperiorfrontalgyri

14-7922

RH

18

115

0.002

Cuneus

-1-1538

LH/RH

31

196

<0.001

CII



Group

Contrast

Activation

ClusterCo¬

Hemisphere

BA

Locationdescription

Ke

Significance

Comparison

Effect

ordinates

(p(corrected))

(xyz)

Cingulategyrus

-73546

LH

6

202

<0.001

Superiorfrontalgyrus

85423

LH/RH

9

76

0.019

Superiorfrontalgyrus

-33-15-12

LH

35

67

0.034

Parahippocampalgyrus

Post-medication-
0vs.3

0<3

8-7051

LH/RH

7

Precuneusandsuperiorparietal
6939

<0.001

withingroup

lobule

403535

RH

9/10

755

<0.001

Middleandsuperiorfrontalgyrus

28155

RH

6

1000

<0.001

Middlefrontalgyrus

511116

RH

45

66

0.037

Inferiorfrontalgyrus

-31181

LH

43

346

<0.001

Insula

38183

RH

43/47/45

309

<0.001

Insulaandinferiorfrontalgyrus

20-815

RH

140

<0.001

Putamen

-333026

LH

9

Middlefrontalgyrus

189

<0.001

6-60-14

RH

Declive/culmen

286

<0.001

-31-51-28

LH

Declive

197

<0.001

32 -47-30

RH

Culmen

65

0.039

Post-medication-
1vs.2

1>2

-52-6223

LH

39

Middletemporalandangulargyri
160

0.005

withingroup

0-4426

LH/RH

23

Posteriorcingulate

680

<0.001

8-7528

LH/RH

18

Cuneus

186

0.002

cm



Croup Comparison

Contrast

Activation Effect

ClusterCo¬ ordinates (xyz)

Hemisphere

BA

Locationdescription

Ke

Significance
(p (coirededj)

183544

RH

8

Superiorfrontalgyrus

126

0.016

-154636

LH

8

Superiorfrontalgyrus

334

<0.001

-47-5-4

LH

22

Superiortemporalgyrus
142

0.009

-3-335

LH/RH

24

Cingulategyrus

301

<0.001

-15020

LH/RH

9

Medialfrontalgyrus

234

<0.001

Post-medication- withingroup

1vs.3

1>3

0-1445 05712

LH LH/RH

24 10/8

Cingulategyrus Middleandsuperiorfrontalgyri
1288 1110

<0.001 <0.001

-25-25-13

LH

35

Parahippocampalgyrus
167

<0.001

-47-6227 40-9-7

LH
RH

39 22

Middletemporalandangulargyri,
andprecuneus Superiortemporalgyrus

168 106

<0.001 0.002

-35-1816

LH

43

Insula

59

0.042

-32162

LH

6

Superiorfrontalgyrus

78

0.010

223652

RH

8

Superiorfrontalgyrus

66

0.025

Post-medication- withingroup

1vs.3

1<3

12-5349 -31251

LH/RH LH

7 43

Precuneusandsuperiorparietal lobule Insula

1152 108

<0.001 0.001

32557

RH

6

Middlefrontalgyrus

232

<0.001

36230

RH

45/47

Inferiorfrontalgyrus

90

0.005

-27-66-23

LH

Uvula/culmen

93

0.004

CIV



Group

Contrast

Activation

ClusterCo¬

Hemisphere

BA

Locationdescription

Ke

Significance

Comparison

Effect

ordinates

(p(corrected))

(xyz) 46-4241

RH

40/7

Inferiorparietallobule

304

<0.001

-27-4741

LH

40

Supramarginalgyrus

64

0.029

-27063

LH

6

Superiorandmiddlefrontalgyrus
62

0.033

Post-medication-
2vs.3

2<3

-27-8721

LH

18

Middleoccipitalgyrus

90

*0.055
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